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GENERAL DISCLAIMER

This document may have problems that one or more of the following disclaimer
statements refer to:

This document has been reproduced from the best copy furnished by the
sponsoring agency. It is being released in the interest of making
available as much information as possible.

This document may contain data which exceeds the sheet parameters. It
was furnished in this condition by the sponsoring agency and is the best
copy available.

This document may contain tone-on-tone or color graphs, charts and/or
pictures which have been reproduced in black and white.

The document is paginated as submitted by the original source.
Portions of this document are not fully legible due to the historical nature

of some of the material. However, it is the best reproduction available
from the original submission.
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1.0 INTRODUC 1O

ﬁ This document reparts the rasuits of o tast prosram on leck tusting, ond correlation
of fluid leak rates, carried out a* the Boecing Spuce Center during the first half of 19¢5.
Several methods of helium leak rafe meaiurements vwiere fested, ond compared Esperinenial
corealations were doveleped between ~easured helivm loal rafes and leck rares obsorvod

! .

for nine fluids used in the Apollo spacacraft, thrce rupellunts (1itrogen f2troside, mone-
methylhydrazine ond Aerozire-5C); fiva Fluids relatad to the environiizntal control Systern

(oxygen gas, three water “slycol selutions, and poiahle water); and two addition=l gases
(nitrogen and hydreger). The purpose of this study was to fyrnish data bearing on the
practiccl implications of helium leal reiting of Apolle systems; =.g., s enable o decision
fo be made concerning what lave! of neliyr learage, rossured by som= specific techniguz,
would indicate a potentially dangerous leakace rate for ane of the spocncraft fluids. An
additional objective was o assass the applicenility of thecretical leaxage caleulations

to the corrzlction of helium and Apollo fluid l2ak rates. The work veos designed to suspori
dev

————— e et o rdaom e ratan

efforts of Boeing-Houstor und MSC pesonnel in developing adequate leukage measyroment

methods for the Apolla spacecraft

z

z I.1 Prograrn Origin
= This work was initiated as a result of o request from Boeing-Houston (Reference 1)
P and authorized according to Referonce 2.

; - The criginal prograin plan vias set up during a reeting in Houston in December 1967,
- attended by Mr. Austin S'air and M-, Douglas Ottestad of this faboratory. The o iginal
3 detailzd statamert of vork is conteined in Reference 3, and a ravisad work statament is
- contained in Referonce 4 This report ircludes data dealing with each tem of the test

.o plan, with a few miinor variations in detail,

w
;

1.2 Program Objectives

The primary objective of this program was to correlate measured helivm leakage
rates and measured leakage rates of several Apollo spacecraft fluids for various types of
small leaks. Secondary objectives included:

1. To compare the experiimentally observed correlations between helium and fluid
leakage rates with the prediciions of theoretical correlations.

2. To compare the available methods for measuiing helium leak ratee from space-
craft comporents and systeirs, in order io suppoit Bozing-Houston parsonnel in the
preperation of adequate spacecraft leakage spocifications.

o - FUA e e e o e - — e sari A
——— ——— e
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3. To gain experiznce with changes in leal | ates of various fluids with

exposure time, and to determire the effects of cc "atarr.inc:hom, corrosiva atiack on the

leak, etc. to cid in undar:tarding actual hardware {ezk situations.

1.2.1 Helium Leak Testing Mcthods

Two basic instruments wera utilized; a Bendix mase spectrometer and o CEC Leax
Detector.” The latter was used in several configurations, with the leak plumbed directly
into its inlet, with ¢ hard-lield pumped probe moving czross the container surface while
the containar was fillad with helivm, and with the leak area surrounded by an alligator
boot, which was dlrccr"/ cornectad to the leak detector. These test methods were briefly
compared with each other ir ranards to 2ccuraey ernd sms;:‘lv:t/, and wer2 also compared
with application of leak detecting fluid to a pressurized syster,

1.2.2 Corvrelation of Helium and Fluid Leak Rates

This effori comprised the major portion of the laboratory work. As described in the
experimental techniques section, three types of metal leaks s well as glass tecks wera
tested. The general procedure wos to measure a helium leck rate by an appropriate techrique
(depending on the size of the leak), to fill a reservoir attached to the leak with tesi fuid,
pressurize to several prassures, and measure fluid leak rates. After completion of this test
the helium leak rate was then remeasured to deterwing whether the leak had been alterad by
exposure to the fluid. Separate graphs are presentad for each leak-fluid combination, and

a suramery graph for each fluid is presented.

Each r‘xcph contains a curve of the theoretically expected leck rote for the test
fluid, calculaied from the chservad helivm leak rate. These calculations are described in
Section 5 of this report. Where the helium l2ak rates befors and after fluid exposure are
quite different, theoretical curves corresponding to both conditions are presentaed,

1.2.3 Doata Applicoble to Hardware Leaks

The chiaf conclusion oppl cable to actual fﬁrdwcua derived from these experiments
is the very great susceptibility of small leals (101 cc/sec of helium and lowe:) to partial
or complete plockage. We found it necessary to tuke very careful crzcoutions, both in
system cleanliness, and in fluid filtration, in order to obtain reproducible data. This
suggests that any leak criteria based upon these results would probably be conservative.
Several "historical” graphs are included, detailing thie type of changes observed with time

*Peferred *o as MSLD (Mass Soactromater Leck Dotocror'.
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in leak rates of propellants ir metal leais. These probuuly hove no scientific vatuz, byt
do represant the type of phenamennn which can be anticipaied in cctual hardwarz. In
order to overcome the difficulty with plugging, we have made exiensive use of glass
capillary leaks. This was not dene ro avaid fluid-rmetal Lut to encible us to
use a visual critaria for leckage which allowad us fo run tests with microgram quantitics
of test fluid, thus cutting down greatly thie poientisl for blockege.

2.0 EXPERIMENTAL TECHMNIGUES

The techniquzs used for preparing test leaks, for messuring fluid leak rotes, for
cleaning and assembling leak testing hardwarn, and for purifying test fluids underwent an
evolutionary process throvghout the test prograr . In the seciion on specif c test results
an attempt has been made in each insiance to identify the experimental conditions in
sufficient detail so that dats Interpretation can be meanirgful. In the following paragraphs
an attempt is made to describe how our techniques evolved, and to express our thoughts on
the most satisfaciory test procedures.

The major experimental difficulty which became epparent immediately upon begin-
ning the program was the very great susceptibility of these small leaks to becoming blocked
or plugged. Although cora had been tcken to assemble @ clean pressure system, the firgt
few otfempts to measure nitrogan hetroxide feakage resultad in ropid loss of flow. Sub-
sequently the leaks were found to be clogged with a conbinciion of bright metal chips,
inorganic porticies, and u resirous subsiance. Tha latter, accoiding to infrared spectro-
scopy, contained both Kel-F grzase and some = genic compound containing both aliphatic
carbon-hydrogen ond carbony! bonds.

§

The eriire system was checked, vith regative resuits, to ascortain the scurce of
|

Kel-F and crganic contamination. 1t may have been carried into the leak from guges and
valves in the high pressure helium leak setting sysiem, or leached by NoOuy from gages,
r

e
valves and fittings in the test manifold. The metal chips weie ossumed to have come from
torquing unlubricated steinless steel fittings.

As a result of this experienca the entire apparatus was disassembled. All of the
plumbing involved in feak cclivration or testing wus cleared with great care. The welded
or formed metal parts were degreased ond cleaned using stondard methods and then flushed
with ©iltered solvents. The valves, gages and other hardware were cleuned with filtered
solvents and the systems Utilizing these parts vwoiz assembled in a clean bench. The
ossambled systems were then solvent-flushed aguin and evacuated to insure the removal of all
of the sclvent vapers. The use of Millipare filters on the gas inlet side of all of the systems

insured cuainst recontamination,
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The ertive cstern vons rebuil® and al! the valvas replaced between the NoO g end
hydrazine tests. Inspite of this care cortumirotion was agair ercourtered when work on
monometnylhyd: azine was bagun.  The fuel temoved from the apparatus offer the test wes
brow in color, and left o i2iiduz on evoporction, This difficulty vas
the use by the manufacturer of Kel-F grease in inserting a plug into the valve body which

compressad a Teflor seal againct the ball. The Kef<F was trapped in a dead volume betwzen

i

fraced, in oart, o

tvio Teflon seals, where ordinary clearing did not reach it, yet valve disassembly efrer the
rest showed that moromethylhycrazire had leaked past the Teflon seals into this volume .

ir spite of taling every possible precoution, shoit of shifting the entire operation
into a cleon reom, leak plugging and blocking cortinved to be a major problem. We have
rot reported all cases of bloched leaks in the data sectior, but have included a representa-

tive sample .
2.1 Measurement of Helium Leck Rates
The primary objective of these measurements was to calibrate experimental fenks to

be used for studying leak rates of other fluids. Two major approaches vieie used. Early
ir the program we used o helium feak detector for medsuring helium leal rates v'hemver

possible. In cazes where our leaks were so large that the derector was saturated we used
volumetric water r.iisplcc“ mert techrique:. Towards the end of the program our v i: ipeint
shifted, and we wvsed | cetric tech-iques wherever possible, usirg the leak detector only
for very small leaks in the 1072 and 10-6 cc/'sac helium range. This reversal in f:.“i\‘ude»

was based upar the varsatility of volursetiic proceduies, and the time required in calibrating

the leak detector. This opinion would probably not hold in the cose of a program of routine

repetitive testing.

Several other helium leak detection methods were investigated briefly in order to
ossass their value for leck testing actual hardware. These included us= of leak testing
fluid, use of a probe and the helium leak detecior, and use of an alligaror boot with the
helium leak detector, all in connection with a helium pressurized leaking system.

Leak rates in this report are given in cubic cennmeh. per second (cc/sec). Leak
rates were cctually measured iv riiliiters per second (m!; ‘sec’, in standard centimeters par

14 ; .
second (scc/sec), of in atmesphere-cubic certimeters per secord latm-ce/sec), depanding

upon the leak test method vsed, and the units used in calibrating fhe reference standard leaks.

In comparison with the accuracy of the measurements and the scale on which the data i:
ploh‘ed, the differences between these units are inconsequential.

the body of this report leaks are referrad to as being within some range such os
1072 to 10’4. In all cases this refers to leak rates in ce/sec of helium.

2.1.1 Helium Leak Detecter

Two helium leak detectors were used in this program. A schematic diagram of the
testing manifold is chowr in Figure 1. At timas during the program o CEC Model 24-1208
was substituted for the Madel 24-120A instrumant showr. This latter model has two
additional atteruatine factors of 5,000 ard 12,000, beyord the maximum attenuation
available from the Modal A; thus o”omr;g much largor fecks to be studied. This advartase,
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however, vas somewhet negated by thie observation tha. the amplifiers for the high and low

ranges vore sufficicntly differznt so that the instrument could not be balancad and cali-

brated to use hoth sois of ranges ai the same rima2.

12

An experimental |20k was set at the desirad value as follows:  The leak was mounted
within the vacuum manifold in the snecial torquing tool (Figure 2). The leak detector
background recding was recorded. A Hostmgz-—R:ydnst, Inc. Maodel PG-—3(’>O—4 stendard
helium leck was veived into the marifold. This leak had been caliorzted at the Boniwc
Prirnary Standards LaB')r'"oy and fourd 1o pessess a leak rate of 5.70 x 1076 otm cc sec,
while leaking from 1 atm to vacuum at 84°F . The leak detector response was noted, ond
a sensitivity factor cclculated in terms of atm-cc of helium/second leck detector scale
division.

t

TWO ofher Fir.ed rate SfGI1dOlO le UAKS cre USGd \COE' CO“'IJI"J‘-'EH IO\V 'r.e“um {L?Gk vate
g
ieu?s. A VOI';ObI"‘ ICC:\' rate ,OSS CC?)” st F‘CGI’U |c:dr< wus |L bHC "‘d Ond COHbI""’d
g cry

by the Boeing Primary Standards Laborciory for use in calibrating relatively large test lecks.
_ The experimantal leak was then suppliad wit’\ neliom at the desirod prawsure, aond
the increase in insirument rzading roted. From this reading increose and the praviously

calculated sensitivity factor, the helium leak rate was colculated as follow::

Leck rate = (ctm-cc/sec) = —é~é—-8- - R

where A = instrument reading with both standard and test leaks in systen.
B = instrument reading with standard l2ak only in system.
R = leck rate of standard leak in atm-cc/sec.

. The leak was then slowly comprassed in the torquing toot until o detector responsc
corresponding ‘o the desired leak rate was attained. At this point the leak rate of the
experimental leak was measurad ot ecch pressure valus. The lzak detector zero reading
and sensitivity factors were checked periodicaliy during these measuremenis.

2.1.2 Volumeiric Technigues

Several types of equipment werz used for these measurements at different times. in
every case halive was allowed fo leck from the test leal | pressurized on the upstream side
with filtered gus, info o shor.L length of Tygon vacuum tubing directly attached to the top

of a water-filled burztre. B:mt*es rangina in volume from fifty microliters to 100 ml were
used for various sized leaks. A leveling bulb was attached to the bottom of the burette,

and the time required to coliccf a knewn volume of gas at room temperature and pressure was
measurad with o stopwatch. All volumes presented in the data sheets are uncerrected,
representing heliura volumes at ambient pressure, of room termperaivre ond par?l‘/ or Coinm
pletely saturated wit' water vapor. Rosm temperature remained quite constant ot 70-727F
during thase teste, excopi for the lust fow runs in Junz, when temperatures as high as 82°F

were :nu.oumergd
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The metal leaks vsed with Lipdrazine end niros o retroside woere cttac hed to the

pressure manifold shown in Figure 3, with the leax pluced irside the sraoll glass ¢herber
shown. This permittad measurement of the helivm leslo rate by attaching the gos buretie
to one of the glass side crms, inmeduction of tect liguid into the resen 'o? , pressurizafion,

“measurerient of the liquid loak rate by sweaping, followed by cemoval of residucl liguid

by evacuat o'w, and a meosurement of the r.r.a.l l alium leak rate, with winimum exposiin
of the system or leck to the laboratory environment.
-4 ,

Initiclly leaks in the 10 cc/sec of helium range were measurec d using the CEC
leak detector, due to the very long time period required to collect Ju'?icnen.ly larae
volumes of helium to measure accurately. Later in the program the simple apparatus
shown in Figure 4 was developed using a 50 riicroliter Hariiton syringe o5 a gos buretie .

k
:

] . -
This proved to be very suitehie for measus ng helicm deal rates in the 1677 ce/
{

£ 1079 ¢!

sec range,
and with a Iittie patience could be used ¢ s2C 0
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2.2 Leak Types

Data is presented on four types orf leaks. lnitlaH‘,’ we studied a channel type leak,
Gee of a stainless steel plug. Whe

Wt

prepared by scriding o leak path across the mating so
this type of leak proved rc be very suscepiibie to bio kage b, metal chios due ro galling

as the leaky fitting was rerqued doven, attention <‘u“m5 o a crushed tubing leok . For the
ECS liquids @ glus; capillary leak was utilized, and wher i proved to give satisfoctary date
it was also usad for the hydrazine fuels. Fmoh y lerﬁL aue of the two hydrazine »Uﬁls was
studied through a loosel, torqued stainless stech plug. Detaiis of the preparation of these
leaks are given in the ?oHowing paragrophs.

2.2.1 Scribed AN Plugs

These leaks were orepored by scribing a small chunrzl across the mating surface of

o 1d=inch AN-806-4S plug of type 304 stcnrrless steel, using a diomond scribe. These

piuos were then sealed to mating flares in 1/4-inch stainless steel tubing, which was
attachied to a helium fiiled pressure manifold. The assembly was mounted within the special
tool in the entrance charber of the leck detector (Fizures 1 and 2 und the plug torquad
down against the fizxed backing nut until the desirad lonk rate was indicated by the
detector,

Scribes were made in "as-received” pluas, inplugs which had been polished with
400 grit abrasive to a mirror finish {and whoce ficres had been w0 polished), and in plugs

,
\‘VI"HC"‘) had been lapped into the flures ut lxzmg 400 grit cbrosive, by rotating the plugs in
a drill chuck, until a highiy polished mating surface ot least a millimeter across had been
developed. [n every cuse the scribes ware examined at 40 to 500 maqgnifications, and

metcl chips, dirt, ard loose metal particlas observed in the scribe were removed by bruch-

ing and washing with reagent grade ethanol.

Test lecks vhich ieguired excessive torgue in order to reach low feak rates were
found to pe galled when duossemu?:d and observed microscopicaltly . Such galled plugs
appeured to leck in areas in addition fo the scribe and, 'r zame instances, the ccribed
path was galled shut. Lmop?ng of the fitting allowed a rndx.’: ion of the cealing force
requirad, and decreased the galling observed  No lunrization of the mating surface could
be used, since the fluids to be tested would have reacted with any lubricant.

Ore major drawbauck of this leak configuration was the fact thai fluid, having
leaked across the mating surface through the scribed channel, was still trapped within a
dead volume, and couid not imrmdiofely evoporate info the sweep gas. Attainment of an
equilibrium value by the apparent leak rate thus requived considerable time. The sarme
criticism applies to the tooseiy torqued AN fitting leals described below. Data from one
of these lm‘er feaks (Figure 135) suggests that it may take several hours to reach equilibrium.
expedrimentation extremely time-consuming, but olso makes measurement
[ .
N

is simultaneously becoming plugged by some deposit

This not or! b makes
impossible if the lea
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2.2.2 Crushed Tubing Leaks

These lecks were tried because of the tire required tapproximately ore day/ieak)
to prepare, set, and calibrate scribed feaks. Crushed tubing leaks were feund to be equatly
satisfactory for testing, and required approximately cne-half cs lorg to prepore.

These leals were prepored by smashing Hhe end of 1716-inch outsidz diaretar thin-
walled stainfass steel tubing. In order to attais a charnel type leak a 0.2 ~inch herd
steel wire was placed inside the tubing and the tbing was First crimoed as flat as possible
ina vise. By rotating the crimp 90° and closing the vise the crimp was opened enough to
allow withdraval of the wire, thus leavi: 5 a channel irpressed in the flatened walls of the
crimp. The crimped tubing was then placed in o special tas! for additicnal compression.

An AN plug and nut were modified to crush the crimped tuve inside the vacuum
chamber of the leak detector, using the special tool of Figure 2. This arrangement performad
adequately, and was used to set the crushed tubirg leaks in the MNaQy tesi series. However,
applying ensuch torque to crush the leal sufficiently was difficult. In addition the geometry
was unsatisfactory foi hydrazine fuels, leaking at fairly rapid vatzs, where unevaporated

drops of liquid could form at the leak outlot.

-

For the hydruzine tests a nut and bolt ciamp was fobricated {Fiaure 5) which wes
suitoble; however, it would not fit tha torquing device (Figure 2} in the vacuum chamber of
the leak detector, so that the leak had to be removed from the chamber each time the leak
rate was adjusted. Crushed tubing leaks made in the Figure 5 fixture ware, therefore,
confined to the relatively large leak raies which could be calibrated by volumetric displace-

ment,
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“the Reyrolds number is 3 whilz for the mouxinum helium flow rate of 8.5 x 10-3 cc/soc
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The fluid ererjing fram this leak path was ~ot cvpelled dirctly into the sweep qas
stream, since there vios a small dead velume of 1.76+Inch tubing beyond the leck. How-
ever the sweep gas stream was directed at the exit of the tubing and tended to aspirate
vapors fromi the tubing, and the configuratizn was much more saiisfaciory geometricaliy

than the AN plug feaks.
2.2.3 Glass Tubing Leaks

The difficultios experianced with the various rietal leals lad to the use of glass
leaks for the later MMH and Aerozine-350 tects, as well as for the ECS fiuids. These leaks
were preparad by sofiening and diawing dovin Pyrex glass tubing to for fine capillary
orifices. In most cosws the desired helium leak tates could be raachad by selecting aiifices
with leak rotes higher than required, very carefully floning the tip, and remeasuring the
teak rate until the desired value had been obtained. Occasionally a leak was fused closed; {
however, with practice it was possible to fobricate gloss leaks of 10-1 to 10-3 range quite ;
readily. Because of the measurement time neaded, and the dunger of flaming the leak
shut, 1074 and 1075 ce cec leaks required several hours apiece o prepare.

For the low pressure ECS fivid leck iesis at 2C, €0 and 90 psig, the glass leaks wore
attached to the pressure manifold with 174" « 178" Tyzon pressure tubing. For the fusl
system fluids, tested ar 50, 150, and 250 psig, the olass lecks were aitached to a metal
pressure manifold using 174" nylon Swagelock ferrules and backing nuts  Care in selection
of the glass tubing was required, since variations in glass diameter afforded sorme undersized
tubing which slipped out of the ferrules, and scme oversized tubing which cracked. No
difficulty was encountered from tubing shattering at 230 psig, and sevaral lzaks were
successfully pressure checxed up to 900 psig. Neveriieless all tests were observed thirough
a heavy Plexiglass safety scraen.

Figure ¢ shows a serics of pholomicrographs of the cross-section of a typical class i
leck. The cross=seciion was prepared oy embedding the glass tubing and cerzfully arinding
it down urtil the center of the leak was reacked. This is the 1073 cc/sec helium leak usad
to meusure the leck rate of U5 pevcent glycol/woter (sce data Table 49 and Figure 41). Note
that the leak actually does approach a long, cylindrical charnel. The channel diameter is
0.0002~irch, and the length of the narrowest cylindrical section is cpproximately 0.04-
inch, so that the ratio of length o diamet=r is greater than 102:1. For this leak at the
maximum liquid flow rate of 2.45 x 1079 cc/sec (observed at 99 psig pressure differsnce)

it is 17.  Therefore boih liquid and gaseous flaw through this leok would be evpected to
be essentially lominar.

It is not known wheithar this geometry was prosent in all of the glass leaks tested.
Particularly in the case of the 104 cc/sec holium leaks microscopic examination of the

intact leck uppear=d to indicate that the low flow rafe had been obtaired by shrinkiny

the outer end of the channel so that the leck restriction may have actually more closely

i . . 1 . . r ._c 2
resemoled an orifice than o chonnel. This was evern mors Ukaly fTor @ 1079 ce/sec halium
e

- ., L » 1 ' - /,
leak , since very litiie heating waus required to reduce a 10=% to a 10 5 cc,s2c leal.

E 'it 43



NUMBER  D2-114258-1
TrelE Eﬂf]fi’ﬁ COMMEANY REV LTR

Magnification

30X

e T R 80X

l \ : 750X

B TS ool B e ey -

L .00021 "in.

H

FIGURE . PHOTOMICROGRAPHS OF 10—3 CC /SEC HELIUM GLASS LEAK

e e e e =

U1 4BSZ 1413 REV. € 65 SHEET 2




Y

N

WATEQEar

¢

USE FOi TYeq &0 5

NUMBER D2-114252-]
i ABLT EFSET e PEy LTR

g ea—

2.2.4 AN Flured Fittings with Lightly Torqued Plugs

. fa A L .
These consisted of a 174" steel olun, Tyse AN -204-45, attactad to a 1/47 figrad
stainless steel tube . Leakage was produced by failing ta faique the backing nut sufficiently
to produce sealing. This type of leck wos tested late in 2 proararm .ollowmr complotion
P 7 ] ’ J P

of the glass leax testing, as it was felt to be mor2 reproientaiive of the type of leckage

’ ; /P 5
which might be encountered in an actual spacecruft. it chvious!y shares with the scribed
plug leaks the drawback of reaching an ccuilibrius flow rate to the surrounding ctinzspher

very slowly.
2.3 Fivids Tested

The fluids t2sted were those called out in Referznce 4, end included three liguid
prepetlants (nirrogen tetroxide, Aerozine-50, and monomsth: /l hydrazine), four fluids used
-in the environmental control system {oxygen gas; 335 parcent giycof-wcrer; 62 percent

glycol-water, Type Hl water/glycol, and water', and thiee additional gases; hydrogen from

the fuel cells, and nitrogen and helium used as leal test gases. NASA-SPEC-C-4A (Referance

5) was used as u quide in selecting matericls althicugh ro effort was made to qualify *he
9 g 7 13 Y
fluids to this spcci?i:u'ﬁio n

A great deal of effort was expended in ob‘/uiniw fluids @s free as practicable from

particulate cortamination. Al fluids were carefully filrered through the finest filter
practical, using glassware previously rinsed ccrn.u.ly with filtered sclvents. Contamination
by dust or atmospheric poriicles was avoided rigorously. Even with this care,leal plusging,

producing errotic leckage rotes, wus o rajor oroblem throughout tha test program. Due to
the meticulous care token, the objection could be ruised that the feakege results might not
be representative of the usults to be expected in actual Apollo hardware. However
working with less cirefully filtered fluids weuld probably hove mads the progran impossivle .

2.3.1 Nitrogen Tetroxide

The nitrogen tetroxide used in the majority of i

tank focated ot the Boeing Remote Hazardous Test Site at Tulalip, Washington. Nine pound

cese tests came from a large storage

samples were transferrad to the Kent Site in stecl pressuce botiles. Standerd precautions
in handling and trarsfer wers taken to prevent access of atmospheric nioisture, resulting
in conversion to nitric and nitrous acid.

One test run was made using "green™ nitrogen tetroside, that is nitrogen tetrexide
containing approximately 0.5 percent nitric oxide, as described in the NASA SpecE.‘icurion
MSC-PPB-2 (Reference é). No difference in the behavicr of red or green fluid we
observed.
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A great deal of lecek blockage was obsarved, esnncially in the ecrly tests. An
g U ’ / Y
evaporation test showed that the MNoOy contained less than 0.01 percent non-volatile

solids. Since the liquid avaporates at the exit of the lzak, it was felt that even traces

d p ‘
of non=volatile constitucnts could form leal plugs. For this reason the NoO s was distilled
in an all glass anparatus, which had bean carefully washed ond rinsed with solvents which
2n equipment con-

8

had, themselves, passed through @ 0.45 millipore filter. The distiila
tained an ultra-fine ground glass frivted filtar so~located that the N,C, vapor nassed through
S 9 2 4 VOPOT P S

it before being condersad.  According to the manufacturer, the nominal pore size for a
UF glass filter is 0.9~1.4 niicrons.

2.3.2 Monomethylhydrazine

The fuel sample used was furrished to us from stock by the storeroom at the Bozing
Tulalip Test Site. 1t wos a colorless, clear liquid purchased from the Olin-Mctheson
Company. To remove any particles it was passed through an ulira-fire fritted glass filter
in an all glass upparatus designed for the preparation of sterils solutions. The apparatus
had been previously washed, rinsed with solvents which had passed o 0.45 micron Millipere

:—3 filter, and dried by evacuction. After filtration the fuel sample was storad under a helivm

- blonket to preclude reaction with atmospheric C02

= Evaporation of a 50 ml sample of the filtered fluid under a siream of dry argon left

:l no visible residuz. No chanze in weight of the beaker was observed using an analytical

= bolance, indicaling a residual weight of less than 0.2 mg, or a non-volatile conten! of
Q 5 less thon 4 ppm.

> The viscosity and density of this fluid are reported in Toble 1. The values checked

< literature valuzs very clos:ly. These measurements were made ofter completion of the leuk

; testing, indicating that opening the bottle for removing liquid samples periodically had not

degraded the moteriol
2.3.3 Hydrazine-Unsymrmetrical dimethylhydrazine

This fuel was furnished to us by the storerocm of the Boeing Tulalip Test Site, and
labeled Aerczine-50. It was manufactured by the Olin-Mathason Company. It was freed
of particulate impurities by the filiration technique described above for monomethylhydrazire.
The density of the test fluid checked the literaiure valuz. The viscosity, however, was
approximately 5 percent below the literature volua.

2.3.4 Distilled Water

Distilied water was used as a reasanable substitute for potable water according to
MSC-SPEC-C-21A. The water used was distilled in our lcboratory in an all glass apparatus, |
and filterad through a Millipore filter stated to retain particles exceeding 0.45 ricrons in
size. :

*Aerozine-50 is o trademark of the Acrojet-General Corporation aoplied to a material
meeting the requirzments of MiL-P=27402 (Reference 7).

¢
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8 APOLLO TIE LEAK DETECT Ore DATA
PHYSICAL PRCPERTIES OF HY RAZINE FUELS

Density measurad ueing Scrzent No. S-41285 Ryge ometot, calitrated ot 60° /60°F .
szcos.f\f measured using a madified Ostuald | [Eere
constant 0.C02504 at F77F, 2.002302 o 100°7 .

Test Temperature: 73°F

W. J. f\/ﬁurphy NASA Sn-—DOq? Sz,r)r. 19465,

Corporation Report No. LRP 198, June 1942,

oshimeter, size 50, tube A-20, cclibration

Literature value: for Aerazine~30 fron "Storable Liguid Propellants™, Aerojet-General

N
ad

Unsyrametrical
Menometiy - dimethylhydrazhe,
hydrazine hydrazire 50-50 Coriments
7
°© Density, experimental gm/cc 0.373 0.901
£ 77° 73°
= Dernsiry, literature, gm/ce C.374 0.901
z Lo 2 g ’ . t .
- Viscosimeter flow time, sec. 351, 341, 7, 256, 35¢, Slight bubbling
B 354, avg.-349 avg, =356 | in MMH runs.
; Viscosity, experimertal _— ]
N ’ Ys Pxpedmentar, 0.773 0.29]
s certistokes
2 . . 77°
> Viscosity, litzrature, cs. 0.8€2 0.94
Viscosity, experimental, eps 0.762 0.804
Literature values for MMH fron "Hardling Hazardous Ma ials”, D. R, Cloyd and
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2.3.5 Water/Glycol Solutions

Three water/glycol solutiors were used in this rast program. T.l {irst was a solution
furnished io us by R. Holman of Boeing=Housion, lebeled Type I water ‘glyzol, Apollo,
inhibitad, 62.5 glycol, 37.5 ‘vr““". The sclution was somawha! ':Io'.m',', and a small omount
of very fine brown pracipitate had sertlad to the bottom of the bottle. it immediately
became apparcnt that this mc.r'rlal 1 the as-received condition would plug any small leck

almost immedictely. Therefore the r.’u.#u;‘»: was passed Yirough o Millipace filter capable of
retaining particles of G.45 micron end larger. The entire surface of the filrer bacame
covered with a boown precipitate. The physicol propertios (Table 7} indicated that the
ethylene glycaol concentration of this sclution was siightly high comparad to the specification
volue, being 67 percent. This sclution is referved to subsaquently in this report as Type !
water/glycol .

The second water ‘glycol salution wes alzo furnished by Bosing-Houston, cnd lebeled
water/glycol, Type !, Apollo, uninhibired, 67.57C glycal, 32.5 5 water. It was a clear,
colorless, sediment-frze sclution. Anolyi'ir:cf data, as shown in Tuble 2, indicated that
this material hed an actual glycol concentration of 62 percert, very close to that of Type I
fluid. 1t is referred to subsequently ir .‘His repgr,‘ as 62 percent glycol ‘water. This material
was tested in order to deternine the effect of the presence or ob»enu of inhibirer in pro=
ducing leck plugging. It wes also filtered through the €.45 micron Millipore filter before

use

The third fluid was @ solution of 35 weicht nercent etnylone glycol in distilled water,
preparad in this laberatery from CLP. cihylene ¢ T\/rol twas also filtered ‘l'roug.‘w the
Millipore filter before us=. 1t s sul Jqucnr'v referred to as 35 percent glycol//water.

The viscosities and densitics of those three fluids were measured. The data is shown
in Table 2, and the phiysical properties and corposition of these fluids are compared with
.- . - ; .
the specification velues for Type | and Type |1 water “glycol in Table 3.

2.3.6 Fixed Gaoses

Orygen, ritrogen, and hydrogen were used in the gos leakage correlation. Helium
was used as the eference gas for cll leakage correlation fests. Aldor. was extensively used
in the program both os a pressurizing gas and as o sweep gas during chemical analysis.

Standaid cylinder qases were used, procured from the Boeing Keni botile yard. In
all coses where guses were attached to a system upstream of a leak @ cartridge conteining
a Millipore 0.45 micron filter was placed in the line between the botile and ithe pressure
manifold.
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TABLE 2
APOLLO Tif LEAK TEST DATA

PHYSICAL PROPERTIZS OF WA TER-CLYCOL SOLUTIONS

1. Dersity: Mzasured using o glass pyenoneter.

Fluid | Fluid H Fluid ili
(357 glycol, 162 alyest, (65 glycol,
similar to Type !, similar to Type 1, Type !, -
Uninhibifcd)u 7 li."‘if‘}iuﬁ‘l’a d) inhibiied) Commznts
Weignt fluid, qrams 26 .9695 24.7106 24.7513
Pycnometer volume 25.367 272.905 22.906
Temperature, °C 24.2 24.4 25.6
Density, gm/cc 1.043 1.079 1.081 At test
tersperature.,
1.082 At 75°F
Glycol concertration, 64.1 67.2 Calculat-
wt. %, calculated ed for

2 Viscosity: Measured using a modified Ostwald viscosimeter, Tube H-53, Size
calibration constani 0.03384 at 100°F, 0.02365 at 20C°F.

Test Temperature = 72°F.

Flow time, sec. 66.4, 66.4 122, 122 151, 151
Viscosity, s 2.24 4,14 5.12
Viscosity, cps 2.34 4.47 5.53
Glycol concentiation, 60.5 67.3

wt. %, calcuvlatnd

(1) -
Data taken from Timmerman's "Physical Censtants of Binary Mixtures”.
A

2; _ )
" “'Data from Iaternational Critical Tebles.

fFluids 1

& i,

150,

Duolicate
runs.,
Flow iime
x 0.0339.
Vis., cs
x d.

By inter~
polation
from
literature
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2.4 Fluid Leak Testing Metheds

Four genercl methods ware tried for moasuring leckaze rates of the test fluids
through experimenizl leaks after the hellur: Taak rate !

descriptions of eucn method are given belov; since modifications were reguired for
particular fluids these methods are elaboroted as necessary in Seciion 4 where specific
test results are described. The test methods wera:

I. Direct weighing of the expelled fluid.
2. Quantitative chemical analysis of the leaked fluid.

,.
.
i

3. Measurement of the time required for passage of a known microliter

volume of liquid.

4, Mass spectromeater measurement of the dowrnstream concentration of fixed goses
t

under steady state leakoge conditizns.
2.4.1 Direct Weighing of the Expelled Fluid

This very simple test method was used only in the case of the glycol/water and
water fluids. The liquid was placed in tha glass tubing with the leak mcunted vertically
and pointed down. The laak wes etiached to a glass pressure manifold with Tygon prassure
tubing, held in plcce by a hose clamp. The desired pressure was anglied and the formation
of droos obszrved until a steady drip rate had been recched. At this point a weighed

A TR AL O Y

o

USE TOR YR -1

ten-milliliter volumetric flask was placed directly belew the ledk, so that the glass leak
extended into and almost blocked the neck of the flask . This was done as quickly as
possible after a drop had failen from the capillary tip.

The flask was remeved when a sufficient weight of liquid had dropped into the
volumetric flask, immedictely after a drop had fallen. The total collection time, and the
weight of the collected liquid were noted, ard the leal rate calculated. A test experiment
showed that evaporation loss fronm the volumetric flask under these conditions was negligible.
T

At least ten drops were collected in each test. The weighing error of 0.4 mg

was less than 1 percent in every instance. With the care token to duplicate the relation-
ship between drop time and the time of flask clacement cnd insertion, we believe that the
error of timing wes definitely less than one-fifth of the interval betweoen drops. This
correspands to a maximum timing ervor of 2 percent, if only ten drops are coliecied; the
minimum number collected in any experiment. Therefzre we belicve the average leak rate
measured by this technique is accurate within =5 percent. Unfortunctely, it could be used

only with larger leaks 100, 1071 cc/sec helium) for non-toxic liquids.
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2.4.2 Quantitative Analy:is of Leaked Fluid

1 ]
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the fluid tested has sufficient volatility so the' it can be evaporated into a moving gus
l

i
siream as rapidly as it eerges from the laal. This criteria is mat by both hydrazine
. - / . . . . .
fuals leaking at below 1074 cc./sec of licuid and by ritrogen tetroxide feaking ot below
g i 3 9

10~} cc/sec of gas.

The test leak is attached to the pressurization manifold s shown in Figure 3. A
sweep gas is passed into the chamber surrounding the leak, ard exited through the glass
bubbler contcining a solution copable of quantitatively remeving the test fluid vapor from
the gos stream. The bubkler ic atrached to thz system for a known time period, removed,
and the concentration of test fluid measured by an appropriate quantitative microchemical
analysis. The specific methods are described in the following paragraghs.

The sensitivity of the analytical methods permitted measurement of liquid flow
rates down to 1077 cc/sec with o one miruie collection peried. Much higher teak rates
were measured by suitcble diluticn of the bubbler samples. Since sampling could be dane
periodically almost ot will, this rmethod permitted us to follow changes os the leuk rate
initially increased, remcined stecdy, or decreased due to blockage .

One drawback of this technique is the time delay betrween collecting the sample and
obtaining the lzak rate. This dalay is inhersnt both in the chemical aralysic itself,
since color davelopment usually takes some time, and also in the logistics of running many
samples in a small time period. 1t would certeinly be desirable to readout the leck rafe
directly on some cnalytical instrument.

A consideration of the factors involved in mcking this measurermernt, including
bubbler efficiency, instiumental error, errcrs due to dilution techniques, and calibration
uncertainties suggest that any given determination nay be in error by =10 percent.
Additional variation in observed leak rates are seen under steady state conditicns; these
con be atiributed to geomeirical factors in the leaks tested.

An attempt was made to use this methed for alycol ‘water leak rate testing. The test
method for ethyfene glycol described belovw was developed for maasuring microgram
quantitics. A trial experimert showed that the volatility of water/glycol mixtures is much
too low for practical sweening? Therefore the tip of the leak was rinsed with distilled
water, the fluid was allowed to leak out for ten minutes, and the tip then rinsed again,

collecting the washings in a volumetric flask.

*See Table 4,
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APOLLO TIE LEAK TEST DATA
SWEEP RATE OF ETHYLENE CLYCOL
Data: 2/4 ‘;"6 3

Expcr?menfcl Set-Up:

Argon Rotarmeter

Bottle

Glycol Collected in Bubbler:

‘G|yco| Transfer Rate:

1~4 x 10-9 cc/sec ..

S V?,"":Fw L

Glycol Weight: 27 mg

Glycol Surfece Area: Approximofc!y;

1/32 square inch..

Sweep Rate: 200 cc argon/ninute.
p G

Elapsed Time: 27 hours

VWeight Loss Observed:

0.1 mg (by chemical analysis).

i

0.35 my
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2.4.2.1 Nitrogen Tetrozide (Nitrogzn Dioxida) Arc' zls

Nitrogen dioxide was determined colorimatrically using the sulfonilic acid
diazotization method of Saltzman (Reference 8. This method is the stardard procedire used
- : p
in the industrial hyziena field for measurerment of par's per million to oarts er billion
Yz p & ; P

concentrations of NO_ in air.

2

We utilized the method by argen sweeping the efflusnt NO» trough a fritted ¢lass
midget scrubber filled with the Saltzman reagent (a micture of sulfarilic acid, N-1-
Naphitiylethylenediomine dihydrochlorids and acetic acid) and reading the color devezloped
in the diazosulfurilic acid contcining saluiion either directly or after suitable dilution.
Our precedure allowed the detection of at least one microgram of NO-, 'r the colfection
solution. Since we utilized a maxirum sweep time of 25 minutes this gave a lower
detectable limit of about 2 x 10-7 cc of gazeous NO7Z per second. The efficiency of the
scrubbers used was found to be above 98%5 in the collection concentraiion range we usad.

Standardization was agoinst sodiur nitrite solution. Past experience hes shown
replication of well within 175 in this procedure. NaNQj does not of course form nitrous

- and nitric acids in water s does MO, and therefore produces more color per gram than

does NOy. We utilized the Saltzmen equivalence factor of 0.72 rather than go through
the laboricus and uncertain process of prepcring stundard NO» gas semples. This usage
may have introduced an error of as much as 5%, which is probably the limiting error in
this analvsis.

2.4.2.2 Monomethylhydrazine Analysis

MMH was determinzd colorimetricaily by its reaction with p-dimethylamino-
VAR 4 p b
benzaldshydz in an arid medium. The procedure is an adaptation of the test given by
Feigl for hydrazine detzraiination (Reference 9) but in this instance the reaction mecharism
g b
is not as well known and the procedure is several times less sensitive than for h drazine .
! s

We argon swept the efflueat MMH through a water filled midget scrubber end sub-
sequently reacted the aqueous MMH solution, or a suitcble dilution thereof, with a nydro-
chloric acid containing alcoholic solution cf the aldehyde. In our nrocedure we could with
confidence detect 5 micrograms of MMH in cur total scrubbing solutior, or 4 x 10-9 cc of
liquid MMH per second averaged over a 25 minute sweep period. Vhere possible, sweep
times were kept down to I minute. The scrubber eificiency, measured by placing several
in series, was found to b2 abnve 9675,

Standardization wus against the same MMH used in the fest sarizs. All checks on
standardizotion poirts, parformed on differant days, fell within 195,

The major source of error is probably nct in the enalytical procedure its2lf but in
the sample collection. Unlike the HNoOy, which was essentially at is boiling point and
thus readily removed by the sweep gas, the MMH is a relatively low vapor pressure Fluid
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whose removal by the swzep gas is dxrnc*ly related to o pos sed droelet area. Due to the
necessary cecmehy of the pirched tube and AMI=flare teaks, it was pussible to build up
significant amounts of fluid beyond the actual leok oinice bu? before axposure fo the
rates und would be a source

]

sweep stream. Thic could happen osp °cmll, at higher lech
of rcther erratic resulis. Ob,.ausfh any rur where dioplers were actueolly seen to be
growing was invalidated. Overall error due to this piobler of geometry rmghf vell be 2575,

2.4.2.3 Aerozine-50 Analysis

Aerozine-50 is an cpprorimate 50-50 weight mixture of hydrazine ond unsymmetrical
dimethylhydrazine. For aralytical purposes we chose *o detect the former and assume the
latter. The methed for hydrazine, an adoptation of the F2igl s-dimethlaminobenzaldehyde
spot test (Reference 9) is more sensitive, sirpler, and riore r&..pld thoen the standord rrxSOdiUm
pentacyanoamino-ferrate colorinetric method for UDHAH (Referance 10).

The hydrazine method was exactly the same as that used for MMH, but with

hydrazine the sensitivisy is several times greater.

Sample sweeping and collzction procedures were the same as for MMH. Ir our
procadure we could with confidence defect 1 microgram of hydruzine in our total scrubber
solution, or 1.5 x 1077 ccof tiquid Aerczire-50 par Sr’c\,r.d averaged over a 25 minuie
sweep period  Sweep periods were normally kept to one mirute. Scrubber efficiency

was found to be greater than 98%

Standordization wus against puve hydrazine. Tests were run to ascertain that
UDMH did not interferz, und no interference was detected at UDMH concentrations
500 times that of N K

2 4
As with MMH, the m 0]0:' source of error, again probably as ruch as 25%%, was the
sample collection probl due to the peculiar, kut rather practical, leck geometry.

2.4.2 4 Ethylene Glyzol Analysis

Ethylene glycol colutions were andulyzed by per?od?c acid oxidation, followed by
colorimetric determination of the forinaldehyde formed. Initially the for: raldnhydn vias
determined by the Schiff-Flvove method (Referance 11}, o moduﬁcn ion of Schiff's recction
in which formaldehyde reacts with ¢ bisullite decclorized solution of parafuchsin te form
the formaldehyda-bisulfite addition product and thus allow the dye coloration to be
regenerated. The method was fauirly sotisfactory, but the color development wes slovr, and
the intensity changed slowly, so that very careful control of development time was required

for accuracy.
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For this reuson the use of chrametrapic acid (4 5-Dihydrox,-2,7 -naphithalene-
disulfonic acid, disediur salt) for datermiining forraldel /de was irvostigated, As periodate
interferes with thisrcaction, it is necessery, to destroy excass oxidant by the aeddition of
arsenous acid solution befure color developrient. The methad finally usad was a slight

modification of one reported in Belcher (Reference 12)

Standardization was carried out by anclysis of known solutions of C.P. ethylene
glycol in distilled waier. Details of the metiiod are givan in the Appandix. The final
method was capable of detecting u glycel concentration of 1 microgran./ml in 5 milliliters
of solution. When it becarne apparent that chemical analysis vould not be used for
water/glycol leak rate determinations ~vort on this method was abandonzd. The method
could be developed to yield greatei’sensitivity if requirad.

2.4.3 Microvolume Expulsion

This technique was developed vhen ecrly atterpts to study waier/glycol flow rates
- - . ’ . ./ . » -
led to extensive leak plugyging. Since the viater glycel was not expecied to react with
the walls of the leak, this plugging was attibuted to washing of extranaous particles from
‘ piugying o ¥
the tubing walls ints the leak . 1t was felt the orobal:iiity of placing particles into the leak
with the test fluid could be minimized by working with a minimum volume of test fluid.
Y 9]
This would also avoid contact of the test fluid with the canillan vealls.
P )4

Sample volumes were injected into the glass capillary lecks using o 10 microliter
syringe™. These syringes are stated to possess o delivery accuracy of =l percent. A volume
of between 1 ard 10 microliter was injected, to give an effluent time suitable for Gerurate
measurement. The tip of the syringe was placed as far down as possible within the capillary,
so that the sample forms a plug at the top of the capillary, ond tha syringe needle was care~
fully withdrawn. A caleularion indicarad thet the error,should any of the sample be diawn
into the leak by capillary action, was negligibie. '

The glass capillary containing the fluid was then aftached o a pressure manifold,
with the valve closed. With the glass el in place the pressure valve was ropidly opened,
applying the preszt helium pressure to the fluid plug in the capillary leck. Timing was
begun as the valve was tured, and ended when helium broke through the capillary.
Obscrvations of the latter required care, and use of a magnifying lens or a small microscope
for smaller leaks.

For the water and water./gl ycol tesis at 30, &0 and 90 psig ine glass leak was
attached to the pressure manifold by 1/4 inch Tygon pressur2 tubing, and szcured by
hose clamp. For the hydrazine fuels run at 50, 150 and 250 :he glass leak was aitached

*Syringe manufactured by Harmifton Co., Whittier, California.
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to a 1/4 inch stainless steel morifold, using Swagelock fittings with ryion ferruies. The
4 J N 7

loal was directed dowr into a bucket of water, and ob civad behird o safety screen. No

difficulties with glcos failure: occurrad; in fact thase leals were prassure checkad without
rupturs up to 900 prig. Ar occasinnal leak slipping out of *he fitiing and hitting the
water effectively wet down the experimanter.

t

Data on the gquantitative natse of the srancfer from the micooliter syringe is given

in Tablz 5 for ECS liguids and in Table 6 for Aarozine=530. Unfortunarely the syringe used
for monorethy hydrazine was broker before it could be calibiuted. Bused upon the mcnu-
facture:'s specifications for these syrirges, and he nature of the fluld, we are confident

that the transfer errors for monomethylhydiazire were compaiablc to these observed for
Aerozine~30. The water and waterglycol tiguids were evpetled into o flot, microbalance
container. The maximum deviation between volume axpelled and weizht chserved was 21
percent, the average daviatior is 6 percent. For Acrorine-50 the transfer was into aciual
glass capillary leoks. Here the observad deviations were large (16-27 percent) for 2 micio-
liter samples, and small (1-8 percent) for 4 and 6 micioliter samples. In view of the high
leak rates, compared to theory, reasurcd for all fluids by this teennique, we helieve that

a tendency tust exist for some portion of the fluid fo remaic on the walls of the leor at the

2 time of gas breakthrough.

<
j 2.4.4 Maoss Spectrometar Measurement of Leaked Fluids
p

@ = Initially we had acticipaied using the Bendix Time-of -Flight mass spectrometer as
- an analytical tool for the dstaction of the leaked volotile liquids such us nitroger tetroxide,
i the hydrazines,and water, either alone or evaporaiad fron water,“glycol solutiors. At thot
p time we were considering tosting feaks in ine 1078 cc.’sec of helium rarge, whers the
g sensitivity of chemical analysis would not have cufficed. This meotive disappearad when we
& restricted our interest to helium leaks of 1076 cc/sec and larger. We had hoped not only
z tn ba oble to drtact emergarce of the vapars of these liquids as the liquids initially came

through the leak, but clso to be able to measure their rate of emergence quontitatively
by suituble calibretion of the mass spectrcmeter.

. A number of operational problems with the instrument were encouniered. In addition
the problem of obtaining Friown, sufficiently dilute gaseous concentrations of these liguids
for calibrating the inctrument seemed onorous. For this rocear, and because the chemical
analsiical techniques develeped for the oropallants proved o Le sufficiently sensitive, and
reasonably converlent, the nse of the mass specivorieter for this purpos2 was droppad, affer
one cbortive attempt to uss it for the detection and cnalysic of 1\1204.

The mass spactiomater was used for measuring the leal rates of helium  hydrogen,
nitrogen and acygen through 10-4 and 1075 cersec halivm loaks. Those mecsuremsnss
were made by ollowing ¥he fest gas to pas: Hirough the evperimental leok into a plerum,
pumpad at a constunt spesd, connected to ihe jon source of the Bendix Time-of-Flight
mass spectiometer through ¢ constant pin-hole leak. The response of the Bendix in scole
divisions was then recorded for aach combination ef gac and prossure.
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APOLLO TIE LEAK TEST DATA

CALIBRATION OF MICROLITEK SYRINGE TRANSFER

RO V43 REY . -0t

Date: 5/24.68
Mathod The tect fluid was expelled from the syringe into a micrebalance pan with
o crimp-on type cover. The cizsed container was waighed immediately on
a Cdhn Electrobalance.
Syringe: Hamilton Manufacturing Ce 10 Microlitar Style.
Data:
Deviatiorn
Fluid Weight Volume Deposited Actucl Parcent
Density Depesited  Gravimetric (w/d) Veluretric (Grav-Vel)
Fluid om/ml mg I L [ %
Gl pl %
- Water, 0.998 2.00 2.004 2.1 -0.096 5
Distilled 0.945 0.947 1.0 -0.053 5
0.845 0.84 1.0 -0.153 15
0.975 0.977 1 -0.123 11
0.955 0.957 1.0 -0.043 4
Water-Clycol  1.079 1.210 1.12] 1.0 0.121 12
nominal 627¢ 1.085 1.006 1.0 0.C06 0.6
glycol 1.005 0.931 1.0 -0.069 7
1 095 1.015 1.6 0.015 2
1.305 1.209 1.0 0.209 21
5.675 5.26 5.0 0.26 5
Water-Glycol, 1.080 1.075 0.995 1.0 -0.005 1
Type I 2.185 2.02 2.0 0.02 ]
1.100 1.019 1.0 0.019 2
0.985 0.912 1.0 -0.088 9
3.160 2.926 3.0 -0.074 2
= 39 -
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TABLE 6

APOLLO TIE LEAN [E5T DATA
CALIBRATION OF MICROLITER SYRINGCE AND TRANISTER TECH G UE
Dote: 6,/12/62
Method: The test fluld (Aerozine-50 - dersity 0.901 gm/ml) waos expelicd from the
syringe into fored gless leaks i the same mannar used for measuiing A-50
leakage through glass leaks. The weighis were taken using a Sartorius
semi-microbaionce.
Syringe: Hamilton Mfg. Co., 10 Microliter Siyle
i
Data: !
Volume ;
Volume Weight Delivered Deviation
Delivered, Dalivered (Calculatad from Actyal
= ) (giams) — weight +d)  (grav.-vol.) Percant
§ i
Z Z 0.021513 .48 -.32 4/l -16.0 ‘
£ 2 0.C01331 1.43 -.52 -26.0
3 2 0.001314 1.46 -.54 -27.0 |
z 2 (Avg.) 0.001356 1.54 -.446 -23.%
: 4 0.0036:29 403 £.03 0.7
o 4 0.003270 3.74 -.25 -46.5
§ 4 0.003452 4.05 -.05 1.3
2 4 {Avg.) 0.003551 3.94 ~.05 -1.5
) 6 0.005469 &.07 +.07 1.2
é 0.005273 5.85 -.15 -2.5
6 0.004952 5.50 -.50 -3.3
6 (Avg.) - 0.005231 5.81 -.19 -3.2
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Scale readings wera converted to actual halivn. lear rotes cs follows. On each day

of testing the octucl helium leak rate of the experimental teak was measured by attaching it

directly to ¢ CEC halium lezk detector, which had previously been calibrated using o

commercial helium leck as ¢ stundard. Magsuremaent of the response ~f the Bendix to tiis

same leck under the same conditions established a daily sensitivity fector for helium.

To convert scale readings for the other gases to actual leak rates, the following
measurement was made . An experimental leak wzs shown to pass helivm at 1,14 x 1077 atm
cc/sec at 250 psig, by the CEC leak detector method described in Section 2.1.1. |t wos
assumed that flow through this leak at 250 psig would foliow Paiseuille's lav for all four
gases. The response of the Bendix to sach of these gases was measurad at 250 psig, and the -

actual leck rates of each gas calculated by Poiseuille's lavi, as in the example:

n He -4 0.0197 -4
= . ——_ = . = 2 ) 5
QH2 QHe R 1.14x10 VR 2.52x 10 atm cc/sec
H,

From the obscrved instrumental response, sensitivity factors were calculated, and
from thasz the ratios of the sensitivity factor for each qus to that for heliom. 1t was assuined
that the relative sensitivity of the measuring system fo these goses would be free of fluctu-

ations from day to day. These sensitivity factor rafios were, iherefore, used to reduce data

for these gases for cach day.

TABLE 7. SENSITIVITY FACTORS FOR H,, Oy, Ny RELATIVE TO HELIUM

Bendix Ratio,
Leak Rate x Response Sensitivity Fecter x Sensitivity
10-4 {Scale 10~/ Factor to
Gas {atm cc/sec) Divisions) Atm cc/sec/div He!lium Factor
Helium 1.14 10856 1.05 (1.00)
Hydrogen 2.52 1715 1.47 1.40
Oxygen 1.08 6130 0.177 0.169
Nitrogen 1.2 7700 0.164 0.156
LT -
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3.0 EVALUATION OF FIELD L AK DETECTION TECHNICUES

Brief evaluntions were mede of several currently used techniques of leak detection.
Sensiiivity, ease of operclion, reproducibitify, ard cccure ) were among the porameters
studied The techniquas evcluated were bubole fiuid, helive sniffer probe, and rubber }

boots. Total iramersion was not studiad.
3.1 Bubble Fluid

The bubble fluid selected for evaluation was FM inert Leak Detection Liguid manu-
factured by American Gas and Chemicals, inc.

The bubble fluid was cxppliad to a calibruted scribed plug leak in such o manner as
to produce no bubbles during the application. TH@ helium pressure on the fitting was reised
to 400 psig to produce o leck rate of 1 x 107 =5 cefsec. A small bubble appea-ed, grev to
Qpproxirﬂu‘nl/ 3/32 inch diameter, and remained at that diamcier for 5 minutes. One more
bubble, 1/16 inch diameter, then formed and both busst. No further bubbles formed. The
leak was then recalibrated with helium and was found to have plugged o 1/2 its original
feak rate. The leclk wes then pressurized to 500 psig (this should hove producad a leak 5

rate of 4 x 1072 ce/sec) ard the actual leak vate at this pressura was ’cwnd o bc, 4.7 x107°

cc/sec. After 30 minutes ai this pressure the feok had cpened to 5.7 x 1076 cefsec. The !
feak was tested several days teter at 100 psig und gave ro leak indication {the orlgmcl rate

at this pressure was &.1 x 197 cc sec). V/hu< the piessure was incraased to 112 psig the
leak again opened. Several cycles were repected in which it vias demonstrated conciusively
that the bubble fluid contaminatad leak was acting as a check valve, with no deiectable
leak between about G-110 psia, leakace starting around 120 psig, und cutting-off again

when the pressure was lowered below 112 psic.
p psty

{t would seerm obvious from the data presented in the preceding paragraph that the
use of bubble fluid for leak testing on a system will not only provide inadequate detzction
of existing leaks but will probably compound future leak detaction problems by turning
constant feaks into erratic leaks.

3.2 Sniffer Probe

The helium sniffer probe attached to a CEC helium leok datector with 5 feet of
Tygon tubing and fitted with a 178" ID Tygon tip (per Gruaiman Soﬂcmccnon LSP-—]A-
50121A) was used to test an AN scribed fitting leaking at a rate of 1 x 1072 ce He/Sec at
380 psig applied helium pressure. The absolute sensitivity of the leak detestor at the end
of the probe had previcusiy been datarmined to be 3.4 10710 atm cc/sec/division. When
tested in the open laboratory ond whan haolding the probe perpendicular to the uxis of the
leaking fitiing a very large variation wus obtained dependent upon precise positioning with

4 @ 4 e 4 s s mh e erin At e . a4 = . :
~ B el S T T T TP SUPES Y [N
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& over an order of magnitude difference racorded 60° eit' »rside of the top of the fitting.

Variations of chout 3075 at any one position were al:o roted. The mavimum indicaied
. . . . = . . o - /

leak rale detected during this axpariment (2535 divisionsj wes 7« 10 3 ce/sec, by an

operaior with prior knowladge of the locaiion of the leax.

[
[

s, using the fingers to

Expcriments were also ottemmpted  with discouraging  resu
hood the leak in order to improve sersitivity. These rsadings proved quite unstable and
non-reproducible although an increase in sersitivity level was preducad. Checring in
the cpen air, if relatively still, seems to be the best, most reproducipble mathod.

Table 8 gives the results obtainad by four differant operators on four different leaks
\ the hooded -b/=fingers and open il el orohing techiigues. These operatars

utitizing bot!
Ls. Examinaiion of the dota will reveal

had no prior kriowledge of the location of the lea
that the sniffer probe techrique is not a quantiictive leak ricasurement meihod. 1t is, to be

sure, quite useful as o screening technique . for locating refctively large teaks { > 1 x 10-6

cc/sec of helium).
3.3 Alligator Boots

o Two alliqator bosis were tested. These were conmstructed of rubber, according to
9 ’ ¢
a North American Rockwall drawing (Referznce 13) ond mcrufecturad by the Ace Rubber
R . . . ‘e
s Company (Referance 14). These were dasigned to accommodate respectively 378" and
- p / A o t l .
s - . - -
.' : 1-1,/2" unions of a typa which we did not hove. Ve therefore manufactured chainbers into
- which our standard and test teaks might venrt, possessing holes leading to the interior of the

P boots, as shown in Figura 7.

!

: wt ! . . . F - —5 7 \ .l . . - |
: A scribed AN fitting ieak (5.7 » 10 7 cc/sec} was calibroted with the scribed lzok
b and a ctandard leak clossly coupled to the leck detector. The leak datector was then

7 calibrated with the infet valve throttled 15X, The alligetor boot tecrs were subsequently

performed with the valve in this position.

The boots were cleared by wiping light!, with acetone saturated gauze followed by
an application of a very thin coat of vacuum greass on the moting surfaces. |* was not
always possible to reduce tha boot pressure to the 3 or 4 x 107" torr minimum reguired to
avoid excessive throttling of the leck detector without significant racleoning and adjusting
the boot. The boot was attached immediately adjacent to the standedd leck, and separated
from the leak detector by c 10 foot length of 12" Tygon iuking (sez Figuie 7).

| With this test confiquration quite quantitative rasults were obtained os evidenced
{ by the data of Table 9 and the graph of Figure 2.

It is apnarent that this method s completely guantitctive if the MSLD is calitrated
PP Y 4

with @ known (standard) leak attached as elesely as possible te the boot. The leck rate

of the siandard leak <hauld be about equal to the meimum alloweblo teak rain of the item

S

to be tested (e.g., 1 x 1072 atm cc He/sec for many of the Apollo prepulsion and ECS

Gar e ccmman g a oo At At ARt et el e e v
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APOLLO TIiE LEAK TEST DATA

ALLIGATOR BOOT TEST DATA

Date: 3/7/¢8

Event P:ia

Using 1.12 x 10.-6 ce/sec Standord

Quantitative Meithod - No Thiottling
10
20
30
60

Quantitative Method - Thiottled 15X
40
120
200

Small Boot - Throtiled 15X
30
60
120
200

Large Booi - Throttled 15X
10
30
60
120
200

fouaser R -
R
ABLE 9

Divisione Leck Raia,
S Sid © Leak (co:'secL__
3800 26,000 6.54x 10::
3900 35,000 8.93x 107,
4050 43,250 1.08 x 102

4000 73,000 1.93 x 1C
300 6,000 2.13 x 10:2
300 14,600 5.02x 107

300 23,500 8.66 x 10
290 3,450 1.22 x m:g
250 6,000 2.21x 107¢
290 13,000 4.91x 1073

250 25,000 9.54 x 1¢
i -6
295 1,900 6.09x 10
295 3,300 Fl4x 10 2
295 5,500 2.09 < 1072
295 12,000 4.45 x 1077

295 21,000 7.86 x 10

e ,
PR Tl .Y
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fluid svstem joints, fittinas, etc.). The stardord leak can be attached so that it is in

| ’ Sy
constant commurication with tha leak detector, or anpro; izie valving can be providad to
aliow periodic moritoring.

1
v
4

The test results indicated that the sensitivity of he alligator Yozt methad ic unaffecrad

by boot pressure ranging betwoen 9« 1073 and 3 « 10 Viorr . 1o addition, sprayirg the out-
side of tha boot with helium for o few minutas, ard allawing helivn to leck into the crea
around the test bench for sevaral hours, asulied in no crange in sersitiviiy. Attaching the
boo* to the MSLD with a 10 fi. langth of Tygor increased the response tima slightly (20-

30 seconds) but had no affect on sensitivity.

The alligator boot methad is considerad ideal for Apollo ume from the standpoints of
sensitivity and cbility to quantitatively measuce individoe! joint leak rates. ifs major
: r
|

disadvantage is the need to fabricate o wwacific hoot confinuruiion for each different joint
o

configuration. The speed of leak testing, althoush iritially slower, perhaps, than the sniffer
probe and bubble fluid systeins, may prove fasier in the long run because of the inherent

reliability of the method .

4.0 TEST RESULTS ON INDIVIDUAL FLUIDS

This section contains the experimental date, both in tabular and graphical form, for
each leak tesied in which significant resulis were obleined. These individucl figures and
tables are grouped a* thz end of the roport. In the cae of the ECS liquids the same leaks
were used to determine leok rates for waicr and two of the three water/ulycol solutions.
Summary curves of helium feak retes versus liquid teak rates for each liquid tested are given
at the end of this report, and may Lo referred o for an overall view of the test resolis.
We caution, however, against indiscriminoio use of thess curves without referring to the

specific data and test conditions used in their generation.
4.1 Nitrogen Tetroxide Test Resulis

Nirrogen tetroxide wos the first of the propellants tested. Learning to make satis-
factory measurements proved o be a very lengthy process. Seme five leaks were discarded
before a winning combination of feak construction and cleaning, uppaiaius configuration
and cleanliness, exidizer purificaiion and hardling, and ‘st procadurz was pui together.

Cleanlines: far beyond that originally envisioned in the program, and quite possibly
beyond that found in operational systems, was found necessary to prevernt lzak pluggin:.
The ox!dizar used was distitfed and vapor filrored. 1t was found that trace but plugaing

* amounts of contaminants could be obtzined from such sourcns as valves ond fittings that had
been "LOX cleanad”, the NO, cylindar valve its2lf, Teflon thread dope, ard from tha
galling process by which ous carly scribed plug lecks ware made. 1t cppearad that even
tightering an AN flured tube fitting vostream of the feak could generate contarinants. In
thesa cases we found it advantageous to use gold gaskets. ‘
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All leaks viere mztal, either of the scribed plue or crushed tuhe variety, the larter
proving the more satisfaciory. No muasuremenis using glass o loosely torqued AN plug

lecks were attempted.

Of the 10 leaks exposed to NoOy orly 5 did net plug compleiviy. Stable NOy leck
rates were achieved with four leaks. These are tabulated below:

Leak rates for NO9 are expressad in cc’sec of gas et its 70°F density. This material

undoubiedly exisis in the leax in the form of liquid NoOy, and evaporites ot the exit from
the leck,

TABLE 10. SUMMARY OF NITROGEN TETROXIDE LEAK DATA

Norinal Location of
Helium Leak Data Graph
Leak Type Rate, cc,’sec Result Summary Table Figure
. -2 . .
Scribed Plug, 10 Partially plugged, plug partially 13 10
mated surfaces removed during post-test helium

measurements. Good agreement
with theory prior to remeoval of
plug during helium test.

2 o\ '
Plugged severzly initially, but 11 -9

Scribed Plug 5x 10"
plug was mosiiy removed by use
of high heat ond surges of high
pressure. Run ook 9 days.

Crushed Tube 5x 10—6

No significant plugging ob- 16 12
served during NO9 measure-
ments but plugging of one order
_ of magnitude obvious from
helium-after vesulis.

Crushed Tube 5x 1077 This, the lasi NO7 leck, 15 N
performed fuultlessly during
NOy testing, but plugged
absolutely orior to helium-cfter
tesis. Excellert thzoretical
agreernent with helivr-before
data.
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Figure 45 summcrics the resuits of the above four fealks. It may be seen from
Figure 45 that for each leck the MO and helium leakena are rouchly similar. Under ideal

conditions {true Poicruille flow at low pracure), it is thasretically pessible for the MO7

rate to be nearly an arder of magnitude Pigher than the coresnonding helium rate. The ideal

leak geometry vequired for true Poiseuills flow war not ccnisved in tis program, primarily

because the fe:.‘ lecks tended to plug with precipitated solids or 2xpowre to NpOy. How-
ever, if the aciual leak geometry is corsiderad to consist of numerous stacll capillarias
through an area blocked by a precipitated solid, the rusuiving - heliur Tlow can be trzated
as @ combination of Poiseuills flow and Krudson (melacular) flow. Then, if it is assumed

T

that the leak georetry remained unchanged dus‘mg e Felium meosurerizats after ihe NoOy
tesfs, the variation of the helivm leah rate wirh pressue raflects the gezomeiry of the foak
and the relative contributions of Poiseuille and molecular flow to the iotal flow. The cal-

cu!o‘ed NOn leck rates of Figures 9 through 12 were based on these assumptions, and agree
§ ] P ' g

fairly well with the measured NOy rates
4.2 Monomethylhydrazine Test Rezults

Monorethylhydiazine for these tests is described in paragraph 2.3.2. Care wos
taken to prevent contact between the fuel ond air, ond o the viscosity measured af the end
of the tests checked the literature value closely, it wus concludzd that no fuel degradation
from contact with atmospheric carbon dioxide had occurred.

Dota on four metal and eleven glass tesks is reparred. In oddition several early tests

were run on scribed plug metal leaks. The data on these was very peor, and following the
test the monomethylhydiczine from the rezervols was brovn in color. This was atiributed

to system contemination, even thoug sh the comoponenis had been carefully clecned prior to
.

assembly. When the equipment was disassembled, carefully cleansd, ond re-assernbled
this problem disaopeared.

TABLE 17.  SUMMARY OF MONOMETHYLHYDRAZIINE LEAK DATA

Helium Location of
Leak Rate Suramary of MMH Test Data Craph
Leckly_ee cc/se’c__.__ o _ Results Tciblei Figure
Smashed Tubing 10-2 Flow rate initiatly 10-fold belew theory, 13 13
decraasad 1500-fold further.
Smashed Tubing 5x10-3 Initial flow rate 100-fold below theory, 19 14
decreusco 1C-fold further.
“ AN Plug, Lightly 10_2 Slow increasa of leak rate up to 1/10th 20 15
Torqued theory, then decreazed.
-3
AN Plug, lightly 10 Initial leck rate 1000-fold below 21 16
Torqued - theory and then decr2ased.
-2 '
Glass, No. 2 4410 Leak rate 2 times theory. 22 17

S50
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TABLE 17. (Continued)

Helium Location »of
Leck Rate Summary of MMH Test Data Graph
Leak Type __celsee Results Table  Figure
Class No. 7 1077 Plugged cfier ore point. 23 19
Glass No.'s 8 & 9 10_3 Plugged after one point. 24 19
-4 ., -
Class No. 11 10 Leak rate 307> theory. 25 20
Glass No. ™5 ' 1077 Leck rate 307> tnheory. 23 13
| -2
Glass No.'s 1 &3 190_31'0 Pluggad after one point. 26
-4
Glass No.'s 4, 6 10 Plugged during initial points. 27

and 10

Monomethylhydrazine produced very sevare plugning problems. After the early
scribed plug tesis a brown, gummy deposit was found on the plug. This wos attributed to
the system contamination previously mentiored. No such deposit was ohs2rved in the lightly
torqued AN plug tests, when clean, colnrless MMH vias recoverad from the recervoir. MMH
from the reservoir of the smashed leak tests wes also colorless. Mevertheless these tests also

showed evidence of leak plugging.

was far below the value predicted by applying simple theery to the observad helium flow
retes. In addition the MMH flow rates continued to decraase with time. Al the ends of
these experimants the MMH flow rates were 3-1/2, 3, 2-1/2, and 3 orders of magnitude
below the predicted values.

In each of these experiments the helium flow rates through the leck ware decrocsed
by exposure to MMH. The two smashad tubing feaks were decreased by factors of 1,/30 and
1/100, the two AN plug leaks by factors of 1.2 and 1/4. This decrzase, however, vas for
too smal! to account for the tremendously low MMH lsak rates observed. A leak blacking
mechanis~ which is particlly removed when fueel is pumped out ¢f the system must be
invoked.

By contrast the MMH leok rates through the glass feaks were reasonably closa to the
theoretically caleulated valuzs. In every case they were high, batween 30 ond 100 percent
high. Similar results were observed for water, water/alycol, and for the mixed hydrazine
fuel . Pessible explanations for this dizcrepancy are diccussed in Section 2.4.3.

b e e e = s s e e e en . .
- o e s A e e A armmimie 1t a1 it ke B et i o s

All four metal loaks exhibited leak blocking. In every cace the initial flow observed
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Blocking of the alass leaks was a major probier in oniy three of aleven tricts was

it poss’b?e o run MMH Toal rates at fhrez oressure drop . lues, and then rerun heliom
calibrations. We could rot teli whother the plugcing was dun to adveniitious particles,
or to some inherent property of the monarrethylhydrazing. Far this reasor it is not possinle
tr conclude that we were successful in obtuining leek rates close to theory in the glass leals
due io the chemical ineriness of glass as compared io staint cel; cur success may have
boer: due entirely to cur ablility to uwe microliter quantities o
The data of Figure 15 on the 107 ce/sec AN plug leck are interesting because of
the slow increase in obse-vad leck rate for the first two hours of the test. | this is dus fo
slow seepage of MMH Hirough the threads of the backing rot, it indicates the difficulty of
ust be plugging up while

-

1y
S

C

obtaining accurate data in such'c system, since ths feak =bvicusly m

the equilibrium flow to the exterior of the test place is being established.
4.3 Aerozine-50 Test Rasults

The Aerozine-50 ussd for these tesis is deteribad in paragraph 2.3.3. Helium
blanketing was used to prevent reaction of the fuel with the components of the air. The
viscosity of the fiuid was measured aftar e tast serios, and the value obtained, while 575
below the literature value, irdicated no cignificant reaction with aimosgheric carbon
dioxide. Reaction with CO4 would markedly increcse fuel viscosity and lead to much

lower observed leok rates.
Data is reported on nine glass and three metal leaks. The retal lecks were all of
the paragraph 2.2.4 AN lightly raraued plug typz. Mo crushed iubing or scribed plug

leaks were attempied.

TABLE 28. SUMMARY OF AEROZINE-50 LEAK DATA

Nominal
Helium Locaticn of

Leak Rate, Dcta C raph
Leak Type cc,/seﬁz_‘~ Summary 9_?_/_3«—50_'[353_"};%_!‘?;_ Teble  Figure
AN Plug, 10—2 Gradual increase in flow rate within 31 23
Lightly Torqued 1/2 order of inagnitude of theory.
AN Plug, 5x10—3 Gradual ircrease in flow rate to 30 22,23
Lightly Torqued about 1/10 theory.
AN Plug, 10-3 Gradua! increase in flow rate to 29 21, 23
Lightly Torqued within 1/10 theory.
Gloss Nc. | 10“2 Leak rate 1-172 tires theory _ 32 24
Glass No. 2 10—3 Plugged after 1 péint. 35 -
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TABLE 28. (Continued

Norminal
Helium Location of
Leak Rate, Data Graph
Leck Type EE_‘/S‘»"C - Summary of A-50 Test Resul®s Tabie  Figure
-4 » 4
Class No. 3 10 Pluggad on firsi point. 35 -
Glass No. 4 10—3 Leck rate cbout 3072>  theory. 33 25
Glass No 5 5x10_4 Leak rate about 20%>  iheory. 33 26
Glass No. 6 10_5 Plugged after 1 poirt. 35 -
Glaoss No. 7 )0—5 Leak rate about 30%>  theory. 34 27
-A
Gleass No. 8 10 Plugged afier 1 point. 35 -
Cless No. 9 10_4 Leak rate about 1-1/Z times theory. 34 28

The consistent plugging phenomena by MMH noted with metel leuks was not noted in the
three metal leaks tested with Aerozine-30. Indzed, two of the three showed cigniticant
increose in post-test helium leak rates while the intermediate size leak showed scme
plugging. This latter test was performed on a fixture which did not have the same quality
of workmanship as the other tvio and may indezd have contained some residual contamination.
In all cases the Aerozine-50 recovered after test appeared clean and colorless.

. . -2
Higher than 50 psig data could noi be tcken on the 10 7 metul leak as the leak rate
became so high that it started to drip.

Figures 21 and 22 give the results of the 5 x 10-3 and 10~3 metal leaks. Figure 23
gives a historical plot of the three metal lecks. [t can be seen that, as in the case of MMH
leaking through similar lecks, time to rzach some sort of equilibriur is rather fong. The
marked data scatter at "equilibrium” is undeoubtedly due to erratic fluid movement in the
leak configuration downs:rearn of the actual teck orifice.

Comparing only the MMH filled AN flared leaks with similar A-50 filled lecks, it
would seem that the blocking mechanism prevalzat in the MMH case is not so severe or
absent in Aerozine-50.

By contrast, Aerozine-50 in glass leals performed reasoncbly like MMH. Again
results were some 30-50% above thecretically predicted, and a high incidence of plugaing
occurred. As in the case of the MMH glass lecks, when pluaging occurred it was obsolute
and no post-test helium runs were possible.
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A series of h)p:}f‘mmic syrings < 'libruifon: (Te' le &) weore parformed subsequert to
the Acrozine-50 glass lear tesis in which the 10-raizroliter syringe used in the leck tusts
was utilized to inject various volumes of Aerozine-50 into tared sirwicted lecks. The lecks
were then weighed and aztual delivery voluric calculuted. The purpose of the fv'peri"mn.‘

was to simultanesusly calibrate the syrings-delivery techniqus. 1t was suspected from visual

observation tho! some Aerczine-50 tendud to adhere to il cutside of the syringe needle when

it was withdrawn f-om the leck . The data obtained secems to confirn this suspicion in the
case of the smallest delivery volumes (2 microliters). Eroors in larger volume deliveries were
found negligible. This duta can therefore not be used to support any sensible explenction of

the actual vs. theoreticai results discrepancy.
4.4  Water and Water, Glycol Test Resulis

The four test fluids, water, 35-percart glycol “water, 62-percent glycol/water ¢nd
Type 1l water/glycol are described in poragragh 2.3.4 ond 2.3.5. Leak rates for these
fluids were measured using glass capillary leals only . The low volatility of the glycol ‘water
solutions precluded the use of the sweeping techniques reguired for low loc:k rate metol
lecks. The data in Table 4 illustrate the very stow transfar rate of ethylene glycol from a

" glass surface inte @ bubbler. Therefore the icrovolume expulsion method, which depends

on seeing throush the leck, was usad in most of thetesis. Weighing or chemical analysis
of expelled liquids was used in some experiments.

Locationr of the data and grephs for these iquids is summarized below:

TABLE 36. SUMMARY OF WATER & WATER/GLYCOL LEAK DATA
L]
35% Glycol/ 6276 Clycol/ Type
Water Water Water Wcter/Giyco}
Test Deta Graph Data Graph Data Graph  Data  Graph
Leok No. Leak Size Aethod Table Figure Table Figure Toble Figure Toble Figure

1071 1 47 39
1072 | 48 40
1073 i 49 4]
2-1 10-! ] 37 29 37 2 379
1 10-2 1 38 30 35 30 38 30
3-1 103 ] 39 31 39 31 39 31
10-4 1 40 32 40 32 40 22
6 100 2 44 36
1 10-! 2 45 37
11 10-3 3 4 38
4 100 2 4] 33
12 1073 1 42 34
16 10-3 ] 43 35
Test Methods: 1. Microliter Expulsion
2. Weighing of E<pelled Fluid
3. Chernical analysis of expelled fluid.

Satr 54
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It will be noted that it was possible to measure leak ratzs for three of these fluids
J
.. . . v R ' -
a later date, o it could elso have been done in the same feals). Plugging occurrad with all
four fluids, however it was much more prevalent and persistont with the Type || "luid In
fact it was necessary to run this last; in three out of four crces with small l ars this fluid

through the same glass leals (the fourth fluid studied, 02 percent glucol, watar was done at

plugged the leck irreversibly, oreventing re-measurement of the helium leak rare after the
experiment was completed. A nuimber of additional leai s were .‘es‘rad For which daota has

not been presented, in whichk leak plugging occurred sc soon that ne significant dets could
be obtuined.

The much greaier tendercy for Type I fleid to plug the leak vizs ottributed to its
corrosion inhibiter content. As noted abaove, in the as-received condition, this liquid
"contaired a great deal of suspended solid. Even though this was removec by filtration, it
seemed that additional salids could form and block the leaks. This may be a very significant
factor in assessing the applicability of this dotz to Apollo hardware situatiors.

Extreme care was required with thase fluids to get sotisfactary data. All testing
was accomplished viorking ot a laminar flow cloun bench. Thn solvents used for cleaning
Neaks, syringzs, tubing, and the pressurization system were all fitierad through o 0.45
micron Millipore filter. The Tygon pressure .ubmu usad was coue.‘un‘/ blown out with
helium which had pasced through a similar filter. When leck pluuging did occur an attempt
to remove the blockage was madz, by forcing sofv:.n.s or detergent through the leak by
pressure buck flushing, or by forzing a jet of solution through o fire syringe tip up inio
the leak. Sometimes it was possible to clean out a plugged leok and reach the original
helium leak rate, at other times this proved to be completely impossible.

The dota of Table 46 and Figure 38 for Type Il water/glycol through o 10-3 cc/sec
helium leax, mecsured using the chemical anclyticol technigue, show how leak plugging
with this ﬂmd made use of the visual technique mandatory. In this experiment it cppears
that the initial group of data peints at 30, 60, and 90 psig represent leakage through a
partiatly blocked feak, at a rate less than 0.1 percent of theory. Furthermore the slope
of the data, if plotted, suggests that the leak was becoming maore obstructed during the
test. '

The leak was then "cleaned out” at which point the leck rate becarne too low to
measure by this analytical method. The leak wus again cleaned out, at which time a thisd
run was initicted. This cppouer..‘l gave three reosonable data poir.‘s, and then began to
closa up again. At no time did the observed leak rate reach within an order of magnitude
of theory, based upon the initial heliur leck rate, even though several of ine poirts were
close to the theoretical value based upen tha final helium leck rate observed for the partially
plugged leak. When this kind of changeable leak rate is observed, a test method giving leck |
rates immediately, instead of after several hours of niring, Jfrmd‘ng, and analytical worl:,
is a must.

. et et ot e oty o o s A diSimomt tMvem cm o w mmetcdme s & At m e et e e cm—————




CMATURIAL DMLY

TYEL AN7Y

USE FOR

e ELTLEHFRLE s %

Q

FUpMEER D2-114258 -1
IR

The microliter volume data shows the same trand os the similar data for the hydrezine

fuels. The observad leck rates are higher thon theory, by betwean 30 percent ond 100 per-

so that this wrobably represents some systematic

v

he
cent. The resulis ar2 consistent encugh

bros in the experiment, Two cxplono:nons are immediztzly apparent:

1. The theory used for prediction is 5o unsophisticered. In perticular, 1t does
y P P p ’
not make allowance for retention of fluid in astationa y {ilm on the walls of the leak,

2. The fluid wetting the leax just obove the capillary does not oll move down into

the leak during the expulsion time. This error would be larger for a large leck, where

smaller expulsion rimes are encountered.
-1
C , i
The data measured by waigning the expelled T2 1l water /glvco! from a 10 cc/se
helium leak checked theory accurctely. This would vppear to confirm the concluzion that
the high results for fluids obtained by the microliter expuicion method contein come experi-
Y f P

mental bias.

Frora this data the following conclusions can be drawn:

1. Water/glycol solutions and water plug smell leaks rapidly, unless core is taken

to use filtered fluids
2. Inhibitor increuses the plugging tendency of watar/glycol solutions.

3. The predicted leak rate, using Poisauville theory, through glass cagillary le"'l:s
of 107" to 1073 cc/sec of helium is betwean 20 and 50 o cercent below the observed lear
rate by the microliter voiume method.

4.5  Fixed Gas Test Results
Leck rates of four guses (helium, hydregen, oxvien, and nitrogen) were measured

through metal fecks of 10~2, 10-4, cnd 1076 cc/sac of helium. Data is given in Tebles 50
51, 52, and 53, ond craphed in Figure s 42, 43, and »1. The volumetric water displace~

ment me.nod was usad for the 10-2 cc/sec IeoL and * e mass spectrometric method describe

in paragraph 2.4.4 was used for the 10-% and 10~ -6 ¢c/sec feaks. Helium and oxyjen were
measured between 20 and 900 psi pressure difference, ond hydrogen and nitrogen between
20 and 250 osi pressure diffarence. A discussion of the restlts, and of the relutionship
between actual values ond values derived from geas flow theory, is given in Section 5.4

below.

One possible source of deviation in the ¢ \pnrmcmul data should b2 pointed out
The actual test data on the two smallar experimental leol's was taken using the Bendix
mass spectromater on April € and April @ Calibration of the mass spectrometer sensitivity
ratios for thase gases was done on April 10, The validity of the results depends on the
assumption that the ratio of the sensitivity of the systzm for a test gus such as oxygen, tc
its sensitivity for heliom was invariont over this three duy paricd, even thouch the halium
sensitivity on these three days was 1.62, 0.59 and 1.05 « 10~7 atm-ce/sec/div (on the 10~ [

scale) respeciively.
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Normally this assuinption wuld be quite accura'~ for a given mass spectrometer.
However, the instrument was subject 1o drift in the elecironic control circuits; apparently
triggered by a momentary line voltage susge in our luboratory. This drift coused the
olignment of the ion beam to vary slightly from day to day, and was considered to be the
cause of the differing deily helium sensitivitias, Variation of jon b2am alignment could
cause the instrument to respond differently to diffzrent mass nu bers (1.e., the sensitivity
factor ratio of tvio gases would vary from day to day}. This effact is consider=d to be the
cause of the 50 percent higher than expected leak rate data for hydrogen discussed in

Section 5.4.

5.0 DATA CORRELATION AND THEORY

No attempt will be made in this report to carry out any exte sive discussion of the
theory and practice of leakage measurement, or of the extensive theoretical treatmen’s
which have been made of fluid flow through small leaks of varicus configurations. This
subject is adequately coverad in available publications. In particular we have found the

leakage testing handbook of Marr (Reference 15; to be exceedingly useful.
5.1 General Discussion of Fluid Leakage

Flow rate through a leak is conirolled by o great many parameters. Among the most
importent of these are the geometry of the leak path, including irs length, cross~-sectional
area, and its tortuosity, the pressure differential across the leak which acts as a driving
force, the phase of the leaking fluid (e.g. guseous or liguid) not only on both sides of the
leck but also within the leak, and the typa of flow ct every positior within the leak. Three
types of flow are commonly encountered, molecular or Knudsen flow in which the molecular
mean free poth is greater than a typical flow path cross=sectional length, laminar viscous
flow in which the flowing porticles follow constant streant lines, and turbulent viscous flow
in which the stream line flow breaks down due to the formation of eddys in the flow. A
fourth type of flov,, choked flow, cccurs when o fluid encounteres a large pressure differ-
ential when flowing through o short orifice and reoches sonic velocity. Sonic flow is not
considered to be present comimonly during normal leakage conditions.

The particular flow mode encountered in a given leck depends on the parameters
enumerated above . Theoretical analysis of flow through small leaks is complicated by *iiree
facts. Firstly, the transition between two fiow modes is not sharp and as one flow mede is
giving way fo a second the theoretical treatment becomes comnliceted. Many theoretical
equations dascribing such transition flow are available. Secondly the flow mcde may
change within the length of the eak path of o single Jeak duz to changing pressure or
changing gaometry. In particulor a gos ieaking from a high pressure to vacuum could
undergo laminar flovs until a pressure small enough to permit rrolecular flovs is encounterad.
Cross—szctionel variation can result in both laminar and turbulent flow in the same leak.
And thirdly it is possible for two different leaks to exhibit the same leak rate for a given
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fluid at the some prassore difference, while undergeir | rwo differeri modes of lechage.
ot One leak might consist of @ sincle channel, while another leak consists of multiple fine

capitlaries. In the latter case flow fhrough sone capiliaries might be maleculer, hiough
others might be laminar, and through still others could be transitiona! between molecular

and lamincr.
The following tcklz, assambled from Marr's hendbock, lists some of the conditions
under which different leshage medes may be anticipated.
TABLE 54. FLOW RELATIONS INVOLVED WITH VARIOUS FLUID
LEAKAGE MODES

Liquid L=akage

Guseous Leaxage Leakage Flow-
Leakage Ragion  Flow-Press. Relation Flow Prop.  Region Press.
Leakage Type (cc/sec) Qo Q Revnolds No.  Rel.

2 1 Turbulent >1072 i 2p 12 Vi > 2100 P -p
z urbulen y Po /i 2 17P5
z -1 -6 2., 2
= i -1 - 2 -p
: Laminar 10 0 (P] 92 ) l/n <1200 ‘Pl )
g -5 :
” Molecular <10 P]—P2 V]/M Not Applicable
?’ In order to correlate leak rates of different fluids, especially when comparing the
3 leck rate of = gas and o liquid through the saime leck, it is necessary to know the applicable

leak mode. This is frequently difficult to discover.
The majority of our measurements have been made with fluids leaking from an
elevated pressure to one atmosphere. Under these conditions, and with the size of leaks

with which we heove dealt, the majority of our leukage hor occurred in the leminer mode.

For iaminar flow of a gos through a cylindrical leuk the Poiseville equation is

applicable:
C.4 ] 1
Qg = 5 ()" e e (Eq. 1)
- G
QG = gascous leak rate = quantityunit fime.
| D = dizmeter of leak path
L = length of leak path
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1 = cosolute viscosity of gas
Pa = average prossurs of gas within the feak - (PP~ 2
P1 = pressure af high side
P2 = pressure at low side.
7, D4 | 2 2
By alcebra we get Q. = N T (p.7-p Eq. 2
yae M A R A IE TP S 2 ) (Fa. 2)

For laminar flow of a liguid through a cvlindrical leak path the following equation

applies:

m D 4 | ]
= BTNt L p -
QL 5 (2 ) [ M \P] Pz) | (Eq. 3)
Q, = liquid ledk rate = quantity/unit time

L
T]L: liquid absolute viscosity

, , - P
Since the geomctrical factor of /3 - (D,/2)

and 3, the ratio of QL to QG

- 1/L is the same in equations |
/ ~

is given by:

N C |
QL :OG . ____’f),__l-_'_.__ . __P_* (Eq. 4)

If the leak path departs from the strictly cylindrical geometry used in deriving
equations 1 and 3, it is still probable that the geomeiry will produce similar effects on
gaseous and liquid flow. For this reason equation 4 has been used in this report for cal-
culating theoratical liguid flow rates from observed helium flow rates, aven though it is
recognized that the procedure rests or. ¢ shaky theoretical foundation.

Information concerning the flow mode in a leak may be obtaired from a log-log
lot of pressure differe cinst flow rate, as sh by the following derivations:
p f pressure difference ageinst flow rate, as shown by the following derivation::
Equation 3 for liquids reduces to the form:

QL:K AP (Eq. 5)

log QL'»' log K * log/AP = Ctlog/\P | | (Eq. 6)
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This implies that date relating leak rate to pressure diffo - niial should produce o straight
{ine with a slope equal to ore if plotted on fog-log pagar it the flov 1s faminer.
Equc':.“ion 2, for gosas, reduces to:
Qg f;K'(P]Q-PQQ) (Eq. 7)
For leckage to o vacuum P2 =0, Pl = AP, and if logs are tcken
log O = log K' + 2log P == C' + 2 tog AP (Eq. 8)

This irplies that o log-log plot of feak rate doia vs. pressure diffe-ence should
P g-log p P

again be linear, with a slope of 2 for len.inar flov:.

If Py 3£ Oone weuld no longer expact o straight line plot wiih a slope of 2 for a
plot of log & against log A P. However if Py Py the data should still closely approximate
this form.

- For some of the largar leaks studiad in this program, which have bean in the rang2
5 5 p - 7 ~
= of 10-2-100 ce/sec of heliur, we have eithzr moved fiom the region of laminar flow into
the region of turbulent flow, or are in the process of so doing. For gases in the turbulent
o< - . -

'_ p flow regior, the appropricte equation is:
p A2
z RT (P 2~P 4
b o f 4
- Q. = D g o - (Eq. 9)
x G 6T 4
b
b vihere the symbols are =s definad previously, R, T, and M have their usual kinetic theory
i / ( P 4 s 7

t
meanings, and F is a factor related to the frictional choracteristics of the leak walls.
This equation, for the case of Py = 0, reduces to:

" )
Qg = K- AP,  (£q. 19)

G

I "
log Q. = log K +logAP=C" ~logD? (Eq. 11)

G
and again a log-log plot will be linear with o slope of one. As fong as Pr &Py the plor
will still be close to linear, with this some slope. Thus as the gassous flow mode changes
from laminar to *urbulent, the change should be indicated by o change in the slope of a

log-log plot from two to one.
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The applicabie cauation for liquid [2aking by th~ furbulent meda i
FP ! ¢ oy

P - P |

7 52 | 177 2 .
AN B I £q. |
Q== P 3Tl (Fq. 12)

From this equarion, with the usual ussurention that PocgPy it follows that a plot of
q ’ ! Z | . P
log Q against toa 2\ P would aive ¢ siraight lire with asiope of 1 2. [t i< not probabl=
g Q ag s € g | p
that any of our liquid leck rates were high enough to be ir ihe turbulent range.
e Y g

The final case to be considerad is that of a combination of luminar and Krudsen gas
flow. This will occur when a gas is lecking from a relativaely high prassure to o vacuum.
At the lealk inlet flow is obviously laminar . unless the | 2ak is so large that turbulent flow
can take place. As the pressure drops through the leck @ position will be recched when

the pressurz is ‘low encugh so that the molzcular mean free path of the gas will be of the

same order of magnitude as the diameter of the leak. This is the zondition required for

the onset of Kaudser flow, and from this point to the outlet Knudsen flow will occur. For
very fin= capillaries this may occur at o reasonebly Bigh pressure; o leax consisting of many
capillary channsls in parallel may exhibit this behavior with a reasonably high flowi rate.

An equation fitiing this situation has been given by J. Amesz (Reference 16) as

, 3
a =10 2 o093 Dop 2p By 2uee lip p (Eq. 13
ng 172 MO ‘

follows:

~——

Equation 13 expressas the gos flow rate in micron-liters/sec irstead of atm-cc/sec.
This equation, as noted bzlow, was used as a basis for prudicting liquid flow rates from
helium leck rate data obiainad from the helium leck delector.

[0

5.2 Discussion of Observed Helium Laakag

Helium leak rates through leaks, with leck rates ronging beiweaen 2.3 cc/sec end
5.2 x 1077 cc’sec are plottad in this document. Almost all of theze, with the excaption
of the lightly torgquad AN plug leaks, approximate cylindrical leaks to some degree. The
theory discussed in the pievious section suggests that log-log plets of leak rate against
pressure differance for small lecks should lie on various paris of ¢ generalized curve. This
curve has an initial slope of one for very small leak retes, corresponding to molecular flow,
with the slope changing through a transition region to rwo for viscous laminar flow af
moderate leak rates, and finally in a second transition region changing back fo one again

at the orset of turbulent flow.
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generalized curve, since with a higher pressure differetial and the resulting higher fHow

rate, the primary flow mode through the leni- could be different from the pricory flow rmode
at a lower pressure differential. Whether the dowrsirean side of the leak is at a vacuu, or

at ambient pressure, can also effect the flovy made strorgl,

The primary mode of leckage exhibized by the naority of the leoks studies in this
program seemed to be laminar, with sloves close to tvo for log-log plots of leck rate against
pressure differentials. For the larzer leaks a change of slope toward one con be seen,
indicative of the onset of tuibulent flow. Similarly for the smallest lechs ¢ change of slepe |
toward one can be seen, especially where the downside pressure is close to zero.

~

As an example, consider Figure G, for ¢ 5 10 © cc¢,sec leak. A line connecting the
35 and 50 psi points, with [2ab rates of 2x 1072 and 4 < 1072 has 5 slope of 1.7, while ¢
line connecting the 250 and 350 psi points at 5 x 107" and € x 1071 cc/sec has a slope of
1 4. Thus in both cases we oppear to observe “ransitional flow, with the laminar mode
predominating at low pressure differences and turbulent flow o! high prassure differences.

.

N -4 . —_
The data graphed in Figure 20, for o 10 cc sec leuk, gives o slope of 2.0. This
leck iate is in the middle of the faminar region, and the flow is probably laminer ¢t all

pressure differences.

The transition to malecular flow can bo seen in Figure 12 for 6 5 x 107 ec/sec ouk.
A change inslope from 1.5 af the high prossure difference to 1.3 ot the low pressure
difference indicates en increasing contribution of molzcular flow to the observed flow rate.
After the tes t the feak rate of the partially blocked leak had dropped by o foctor of three,
and the slope for the two lovest points was 1.0, indicating escentially molecular flow
throughnut the feak.

In applying this theory to explain the cbservad helium laak rates, it is importani o
recognize the pessibie effect of experimental dota scatter on the observed leak ra‘es and
slopes. Also, it should be re-emphasized that tha same leak rate can occur by different
modes in two leaks with quite different geometrios. :

5.3 Discussion of Liquid Leokdgé

Leakage dato for each individual fluid through a series of test leaks is given in bo'h
tabular end graphical form &t the rear of this repori. For every experiment a theoretical
liquid leak rate has been caiculated trom the observed helium gos leck rate, and compared
on the graph with the observed liquid leak rate. in the insiances where the helium leak
rate chonged during the test the calculated curve was ganerclly based upon the helium
leak ratze as chiarved at the end of the experiment. This choice is, in a measure, arbitrary
since it was rot usually possible to tell at what stage of the experiment partial blockage of
;

the feak oceurred. Where complete blockase took place, the theoretical curve was pei-
force calculated from the helium rate observed bafore the liguid was introduced.

N o e v i s e aen e - S .

V'3 48072 1438 50/, 8. T
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Three techniquas were used for calculating the  theeretical curves. For smacl!
NaOy leaks, where the heliurm leak rates wers measured using the CEC

that the downstream prossure was close io zers, an cquation given by Amesz (Reference 1)

~ak detectar, so

was usad. This equation allows one to predict liquid fech retas from gaseous ook rate data
taken at three prassures leaking to a vacuun, even if both moeleculer and leminar flow modes

are important in the gascous flow.

o 2008 pp B8 g;.‘?_c;.:’;‘fgjﬁf'fi@?f‘l@ff o 1
Ui YA TR BTA! _
where QL = liquid leak rcte in cc/sec
N = absolute viscosity
AN PL = prassure drop for the liquid f2ck
A,8,C ~ refer to three upper pressuras for helium leaking to vacuum

P = pressure

O'G = gas leak rate in atm cc/sec

For smc!l helium leak rates . measured volumetrically, so that the downstream
pressure was | atmosphere, equation 4, as given in Section 5.1, was used. This ircluded
all of the tests for the hydrazine fuels, and the water/glycol fluids in which the slope of
the log-log plots of helium leak rate against pressure drop approachad 2.

For large heliurm leak rates, greater than 10 “ cc’sec of helium, where turbulent
flow became impartant, so that the slope of the log-log plots approached 1, the liquid leax
rate was predicted by multiplying the observed helium leck rate by the ratio of the viscosity
of helium to tha viscosity of the liquid. This approach was taken since it maintains the same
slope for both curves, and since insufficient information is available in thic leak rote region
to allow more sophisticated calculation.

In general, the shserved differences between predicted and observed valuzs o

within a factor of two of each other, provided the helium lzak rate is measured undzr the

same conditions of blozkaags as the fluid feak rates. For metal leaks this latter condition
can be very difficult to fullfi!, as extreme excursions of liquid leak rates were observed
during the tests. 1t would oppear that the use of these theories to predict quid leak rates
from observed helium leak rates is o reasonahle procedure, which generally wiil err on
the side of conssrvatism.
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In the case of glass leaks measured by the mic  volume expulzion technique, the

observed hqucd leal rotes appear to he uniforady high, vsuelly between 20 and 100 percent.
As indicated previously, this orobably reorvsents a systeratic Lx.pem.*,cnml deviation, which
could possibf\, be compensaied for analyticali,, based upon =rough celibration date.

of the relaticnships bebtwzen obseivad helium and

ey can be used fo; arder of magnitude predictiors,

Fioures 45 to 51 presen! summarie
iquid leal rates for each ligid iesied.
provided that i* is remembercd that each line represerts un individual leak, with its own
geometry, and that another leak with the same helivr l2ak rates might possess somewhat
different liq;;id leak 1ates.

5
Th

igures 50 and 31, since they deal
with two quite similar fluids, glycol/water solutions with 2 and 67 percent glycol, with
viscosities of 4.46 and 5.53 cps respectively. If figures are overlc 4, the leck rates
for the 62°5 glycol ‘water are approximately 50% highzr *han thase for the 67 % glycol /water
{(Typ2 It water/glycel}. While this difference is somewhat larger than the difference in

It is interesting to compare the summary curves of

O~ M

ol
mese

viscosities, the check is still tairly close.

>
z 5.4 Discussion of Fixed Gus Leakage
<«
> The cbiective of the fixad gas leckage tests was merely to determine whether the
< leak rates g)n“-alfy corr2lated with theory; thus extrerie care was not taken in these
z rneasurements, and the resulting experimertal error wos correspondingly higher than would
" have been obtained if time-consuring scphisticated muthods had been employed.
& .
S The results (Figures 42, 43 and 44) de indicate o general agreement with ihcor\'.
N Leckage thraush the fargest test leak (Fizure 42) wos roughly proportional to the inverse
b of the gas viscosities at the low test prezsures, and to the inverse of the square root of ,‘he
& gas molecular weights at the high test pressures. Also, the nlone of the leckage curves for

this test teak chowed o decreosing trond with increasing pressure. It would therefore eppear
that the flow modz in this leak was in transition from viscous i"'umor to turbulent flow, with
the flow at fow prassure mostly laminar, and that at high prassure mostly turbulent.
_4

Leakage through the medivm-sized tast leak (noninal 1 x 107 cc Hesec, Figure 43)
appeared to be predominatzly in the laminar flow moede, except at the !owes‘ test pressures
at which a slight transition to molecular flow wus observed. At the higher pre u, the
slope of the leak rate plot oprrooched 2, and the relarive positions of the curves for the
four gases indicufn that the lexk rates were roughly pt"Opov-fiono! to the inverse of the gas
viscosities, although the hydrogen curve was about 5070 higher than would be expected.
At the lowes! fest pressures, the effect of the gas viscosi*y on the leak rates appeared to
be reduced slightly in favor of the effect of the gas molecular weight.
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The transition from molecular to fo"nncr flow » =s ruch rore sirongly apparan® in

the smallest test leak (noninal 1 x 107 -6 cc He sz, Figure 44), At the !cwasr test prassures,

the slope of the leak rate curves was very necrly ore, ard their relative dicplocement was

approximately proportional to the squara root of the gos molecular weishis. Again, the

curve for hydrogen was semewhat higher than would be expectad, relative to thrse of the
other gases. At the highest test pressures, the curves reficectad the reducing influence of
molecular weight and the increasing effect of gas viscosMy, along with a cccduol crecse

in slope, indicating the increasing contribution of the Poiseuille flow riode te the .otcl
leck rate.

It can be concluded that, cs predicted by kinetic theory, the leak rates of the four
+ |‘ d'rrﬂ > ")‘ \ dI" d h f F‘a[l = N d
gases cre not JFCCH’! y ditferznt ynca2e any condifions, and fthose of nealiur, oxygen, an
nitrogen in the viscous laminar flow regime are quite similar because their viscosities are
quite similar. Hydrogen leaks at a somewhat higher rate thor the other jases because both
its viscosity and molecular weight are lower than those of the other gasas; this fact should
be taken into account in assigring alicwable feakage retes for other tracer gases in o sysiem

vhich will contuin hydroger.

6.0 DISCUSS:OMN OF EXPERIMENTAL ERRORS

The reason far discussing experimental errors is to astaklish a confidence favel for
the experimental date precented A conplelsly vigorsus discussior is not warrarted bacause
the measurement errors wera eshmc.»d rather than being assessed SfGi"'TiCﬂ”‘/ The estimoted
errors of the individual maosurements are reported in Table 55 rogether with the apprexinate
probable error for cach fluid correlation. (The probable error is that number which the actuel
error may with equal probability, be greater than or less thar.)

Table 35 shows that the estimated coriribution of randem errors to the probable crror
is relatively small (2.2 t0 4.5°5). The volidity of this esiimate is illustrated by *he internal
consistency of the data,

The estimated contribution of systematic or biased errors is gencrally greater than the
contribution of random errors. In the case of the volumeatric displacement meascrements on
the fixed gases no significznt systematic errors are anticipated. The MSLD and mass speciro-
meter systematic errors arise from the 1075 uncartainty of the rate of the standard helium leck
used to calibrate the MSLD and the 675 error in tie mass specirometer detector factor
for cxygen and nitrogen gc-;es and the factor error for hydrogen, which is even greatsr. It
shculd be noted that systematic ervors in the helivss measiraments infiuence all correlations

of liquid wiih helium leckagz.

The NoOy liquid leabiage data Is the most uccuraie with o probable systematic
error of 575 due to the anclytical standard. The probable carrelation arror of MoOy vs.

r*/

helium for the lecks usad is 11.

O e\ e e e a8 1 e~ ot A —m e e e v—- o 1~ oo n . s —~———— vt e
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Systeratic errors ir the other liquid leakage datv arise from difficulty in collocting
materials of low volatiliry fur chemicul aralysis or from inaccuracy in introducing knswn
volumes of liquids into gluss capilicrivs and Hiquid hold-ue in the cupillary when gas break -
through occurs. These errors are oys seree that the cherical anal ysis irdicates
lower thar actual leakage rates in these cos Leorizvoveluice expulsion indicatas
higher then actcal values. They are also systematic in the trnse that the influence on

1
the

£

l L' . P ;o e sel l [ . L I o by moas .
sokage rave deleiriirad vaories with 2AnaGe rare o sumple vey i, however, f.'wey are
random in the sense that they ars not quuntitatively repreducible.

Systemalic errors in the MMH and A-50 mecsurarents may result in leckage raies
deterniined by chemical analysis or microvoluine expulsion wbhich are s much as 257 low,
causirg helius correlation errors of the same magritud:. Sustematic errors in the water and
water glycol mecsurements result in leakage rates by the mizrovnluise exvonlsion technique
which are belicved to be of the order of 10% high producing helium correlation errors of

approximately 1435,

The foregoing discussion deals anly with *he cccuracy of the experimental work done
in this procram. The differance between the experimental and theoretical correlations can
be influenced by:

1. Systematic experirnental errors.

2. Non-ideality of the leak path geometry.

3. Interaction of the lecving fluid and the moterial of construction of the leak.

4. Deficiencies in the theory appiied.
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TABLE 55
EXPERIMENTAL ERRC..5
Measurement Percent Type of
Fluid Methed Error Error !> Evror [>
Helium MSLD Upsireom Pressurz 12 R
Instrumental z] R
Celibroting Leak o S
Probable Rondom i> p41 R
Sysiematic % 10 S
Volursetric Upsiream Pressuie 22 R
Displacement Gas Burette Volume 1 R
Time ] R
Probable Rondem D 4.2 R
Systematic 0 S
N,Oy Chemical Anclysis Upsiream Prossure 12 R
(Liguid) Sample Collection -<2 5
Time: 12 R
Semple Dilution +2 R
Analytical Standard 5 S
Analytical Determin- 1 R
ation

Probable Random F=> L3.6 R
Helium Calitraiion D kit 4 S
MMH cnd Chemical Analysis Upsiream Pressure 2 R
A-50 Sample Collection 25 S
Time + R
Sample Dilution 32 R
Aralytical Standard . 2] S
Probable Random D £3.6 R
Helium Correlation 5= <26.7 S
Microvolume Upstream Pressure 2 R
Expuision Sample Volume -<25 S
Time +] R
Probable Random [ 2.2 R
Helium Calibraiion B> -< 26.7 R
H,O and Microvolume Upstream Pressure 2 R
Water/Glycol Expulsion Sample Volume -<10 S
Time +1] R
Probable Random [T £2.2 R
Helium Correlation B> S
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Fluid

Nitrogen
O yaen

TABLE 55 (Contir ad)

Measurement Parcent Tyo
Me thod Evrar Error > Er:

Mass Spectromzter Upstronm Prazsure 2
Detectar Error 4.3 D
2

Instrumental
Probable Randamr [3:1\ =45
1

Helium Correlotion D’ r

Volumeiric Upstrear Pressure z
Disclacement Gas Buretie Volume E

[ES

2

]
Time 1
Probable Randorr D>‘ +4.2
Helium Correlation B> 0

Estimated Error

R is Rondom, S is Sysrernatic (See Text).

Prabuble Random Errar in Absolute Leaok Rate {Assuming Laminar Flow).
Systematic Ercor or Bias in Absolute Leak Rate.

Probable Systematic Error or Bias in Fluid vs. Helium Correlaution .

Detector Factor Error is Greater for Hydrogen (See Text).

B>, B> and > Estimated as the Root Sum Square of the

Contriputing Errors.
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7.0 COMNCLUSIONS AND RECOMMENDATIONS
7.1 Conclusicns

-1 =5,
b, Leaks ir the 10 =10 7 cc 'scc of helium range are exireriely susceprible to
plugaing end partial blockage during liquid flow conditions.

2. Inview of the unpredictability of plugging effects, apf,hco‘.on of laboratory
experimental data to actual hardware liquid leaks should be done with caution.

3. Poise uiHe flow fnnor/ satisfuctor’ly oredicts liquid flow rates threugh urblocked
glass feaks in the 1072210~ =3 ce/sec of halium range.

4. Poiceuille flow theory predicts propellant flow rates through metal leaks which
are in gensral hisher than the cctual ratas experienced. in no case were liguid flow rates
encountercd zignificartly higher than predicted.

5. Extreme care in cleaning system components, and the assembied cystem, and in
puiifying and filtering test fluids reduces but does not prevent leak plugging.

6. This program did not study lcckage due to permeation. Such feakage is
generally not susceptible to plugsing or blockage.

7. Chemical analytical techniques, based upon sweep riethods, are a convenient
and accurate way of measuring liquid leak rates providing the liquid is sufficiantly volctile.

8. J204 flow rates through lecks in the 10—2 to 1070 cesec of helium ronge can
be predicted frorm measured helivr leak rates within 5075, using trunsition flow theory, ond
assuming NoOy liquid leakage. This is providing the helium flow rates are measured under
the saine blochkage conditions as the N,Oy flow rates.

9. Inevery case NoO, passing through a metal feal decreased the leuk rote of

helium to some ex‘ent.

10.  The leck rate of MMH through metal laaks continved to decrease with

exposure time.

1. In two out of three cases exposure of metal lecks to Aerozine-50 resulted in
an increase in the helium leak rete.

12, Aerozine-50 does not appear to preduce blockoge of metal leaks as exposure
time increases.

13.  The presence of inhibitor in water. gixco! solutions is o major factor in
preducing leak pluaging.
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14, 2ubble leak fluid detuction is incdeguare “or detecting small Teals { <10
cc'sec heliumi, and may interfers w;.’"n tbreguant feak testing using better methods.
15.  The sniffer probe method is of qualitative vslu arly. The observed leak raies

are CpplOXi’f‘.ul’t’! , three orders of mannizuds fowar than the acty P lack rate, and varictics

a
of 1300% are found betwecn difie ent operators, and different probe sititudes.

16. The alligator boot meihiod, proper!y dpplind, con measure helivm leck rates

accurateiy.
7.2 Recommendations

1. We recommend that allowable helium leck raics be established, based upon
allowable fluid leck rates, by assuiing the Oppmmmrn theoretizal relationship between
the two. For liguids flowing through leaks of 1074 cc ‘sec of helium and lower assurie
Poiscuille flow. The resolting permiissible helium leak rates will be conservative in view

of the probability of paitial or complete blockage in aciual hardwarz ledks.

<.

2. We recommend use of the alligator boot method for recsuring helium feak

rates where it is geometiically feasible

3. When it it desived to sludy propellant leakage from a loaded syster or csscrrhf\,',

we recommend use of sweap gas technigues combined with colorimetric chemical enalyticul

methods .

4. |n commection with recommendation 3, a chamber surrounding the leak is
required. We recommend development of propellant 1esistant chambers similar fo

alligator boots, for this purposs.

5. We recommend additione! siudy, cimed at developing the use of the mass
spectrometer ag a detector for continously monitoring propellant vepor concentiations .
during leak testing studies with sweep gases.
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o KFESTIFSES Dy R
- T
TABLE 1]
APOLLO TIE LEAK TES. DATA
Dates: 3/5/43-2/15/¢3
Leak Descrip*ion: Norminal 1077 cc rec helium leol, surfacas polishad but rot mated,
plug scribad.
Fluid: Nitrogen Tetroxide
Comments: Helium leak rate measured volumeirically before test, with leak
tester after test
i
Pressure,  Volume, Time, Leak Rate, ‘
Test Description  Date  psia e e cclic 7‘
Helium Leak Rate 3/5/68 35 10.0 461, ?.37x10—?
Before Test 150 10.0 43,5 2.30x10_,
250 20.0 40.5 4.94410
350 20.0G 24.7  8.1«10-}
90 10.0 95.5  1.05«16-)
50 5.0 125.4  3.97x1072
System Elapsed NO-2 N02 Fiow NO9o Avia.
Pressure, Tirne, Flow (Reai Ga:) Flow ‘
_Df’i? psI;:;_r_‘~ ._-ljr',,. -igm_/m?n. cc/sec c=/con
Nitrogen Tetroxide 3/6/68 350 0.5 24.0 ] .67,\'70—i.1r
Leak 1.0 13.9 6.73x1077"
3.0 0.76 3.71x107%
. 4.0 0.68 3.34:107%
5.0 0.60 2.94x10->
5.5 0.55 2.70<10-%
3/7/68 22.5 0.63 3.09<19-%
22.0 0.6% 3.21x107°
23.5 0.65 3.17x107%
24.0 0.66 3.21x107°
250 0.5 0.42 2.06x107¢
1.0 0.46 2.24x1072
1.5 0.47 2.30..10-5 L
2.5 0.47 . 2.30:1074 23010
3.0 0.47 2.30x10-%
o



UHARER D2-1142335-1

o ETIDEGATE SV LI

MATERYAL DY

USE FOR TYPL =0 Tty

TABLE 11 (Cartirund)

Svstern Elapsed NO2 NOQ Flow Avg.

Prossure, Time, Flow (Raal Gus) N02 Flow ;
Data o Hr. ngin/anin. cz/sec cc/sna
3/7/68 150 1.0 0.37 1.312107°
2.0 C.40 1.96.10-5
2.5. 0.49 2.42.:1075
350 0.5 1.27 6 22x10-9
3,/8,/68 16.5 1.89 9.25:10-5
17.0 1.95 9.53x10676
17.5 2.06 1.01x!07°
16.0 2.07 1.01x10-5
18.5 2.10 1.0341072
19.5 2.19 1.07x10-5
21.5 2.26 - 1.11x10°%
Le=ck Subjacied to Sherp Knocking -
23.0 §.69 3.23x107
23.9 6.75 3.30.10-5
3/11/68 89.0 272 1.33410"3
89.5 237 1.41x10°3
90.0 287 1.41x1073
91.5 311 }.52:10-3
Leak Knod\nd Pressure Raisad
565 3 521 2.55x1073
352 1 .0 342 1.68x10-3
: 3.0 368 1.80x10-3
3/12/68 20.8 418 2.04x1073
21.5 420 2.05+10-5
22.0 431 2.10x10-3
Heat Leck, Pressurized to 600 psig, brown Fumea noted.
1350 0.17 1770 8.08x10‘
0 75 1234 6.30x16
2.0 1200 5.9ox10~3
3/13/68 19.0 1110 5.44x10-3
19.5 1110 5.445106-3
20 ¢ 1110 5.44x10"3
250 1.0 920 4.51510-3
2.0 920 4.5V %1073
Heat leak agoin under pressure.
350 3.0 1770 8.63x1073
3.5 1676 8.2} 103

Heat and knock again.

SN




T MATERIAL OMIY

USE FOR TYPL a2yl

§ J‘lﬂ;f:ER ':\2—'} 1‘23 -1
e EFPEZE S O =N o (T
TABLE 11 {Corti-ueal
System Elapsad NGO, NO, Flow Avs.
Pressure, Time, Flow™ {Real Gas) NO 7 Flow
Date psig Hi. ig_m/’min. cc,/se: ‘cC /sac i
3/14/68 350 0.5 2110 *..o:mof )
1.0 2590 1.o2x1072 1 -2

2.0 2070 R R
3.0 2050 | .ooﬂo'g |
247 1.5 1510 7.40%x1070 -3
. A0, e l
1.8 151 7.40;1.0'3 ;7.40<10
150 0.5 1620 5.00x107° o3
1o 100 5.00i0°3 20y
52 0.8 40 2.40x1073 7 )
1.3 456 2.,24:1073 - 2.33x10 7|
1.8 483 2.36::10-3 i
Pressure Ditfarsrce In %
Pressure, Diff. CEC Reading Leak Rote, !
esio o _pd o D celsze |

Helium Rate Aftsr Run 35 50 5,76 154107
(5.70x10-6 std = 21 div.) g0 95 14,500 3.93 % 1077

~ 150 145 32,500 8.21 x 167"

250 265 68,000 185« 1072

4

116



USE FOR TYDE a8 TTEN MATERIAL ONLY

17

NIPABER D2-11.1250-1

v eF a’.%{gu{:lfl*’.i; LAy i";\/ LTR
TABLE 12 )
APOLLO TIE LEAK TEST DATA
Dates: 2/8/66-2/16/63

Leak Desciintion: Nominal 10 ce/sec helium leck, sciibad plug.
Fluid: Nitrogen Tetroxide

Comrents: This leak rapidly plugged completely during the N O[t testing. Instrument
response varied as indicated below during Helium Sesls.

Pressure Diffsienca I

Pressure Diff.  CEC Reading, Leck Rate,
Tast Description Date psig psi Div. cc/sec
Helium Rate Befor2 Run  2/3/68 35 50 1,100 6.11 x ]0—;
(Stondord = 2100 to 135 150 5,000 2.79 x 10:2
1800 div .for a varizle 235 250 11,700 6.50 x TO_]
capitlary s'andard jeok 335 350 20,200 1.12x 10
set at 1x107%ce /sec of
helim), . :
System Elopsed NO, NO» Flow
Pressure, Time, Flow (Real Gas)
psig Min. rigm/min cc/sec
Nitrogen Tetroxide 2/16/68 50 2 150.0 7.4 x ]0*5
Leak 15 20.5 1.0 x ]O:g
35 G.6 4.7 x 10 o
60 4.3 2.1 x 10_2
90 1.6 7.9x10 .
350 2 3.5 1.7 x 107,
50 1.6 7.9 %10,
550 100 1.1 5.4x 10




MATERIAL ONLY

UST FOR INYPLWRLE ey

v, BEIFZFATES i

-~ ~ ~,
NepaRER DZ-11-200-,
v,
N 2iY LR

Dates:
Leck Description:
Fluid:

Comments:

Test Dezcription

Healiur Rgte Before Test

(A 1x157

aave 2407 1o 2500

divisiors)

Helium Rote After Test 3./4/763

(Std = 8,500 fr a

TABLE 13
APOLLO TIE LEAK TEST T

\\T.A\

2/23,68-3/4/68

Nomiral 10 7 ccsec helium leak, scribed plug, rctad surfaces.

Nitrogen Teiroxide

Deta for NoOy taken on 3,/1/68 was usad to plot leakage graph. During
meascrement of the helium leck rate oftzr test at 50 psi the needle of
the CEC leak dotector rapidly rioved 1o @ new higher value. This was
attributed to dislodgement of a partially blocking particle.

Pressure Diffarerce In

Pressuiz, Diff. CEC Reading, Leak Rate, |
Dete  _psig  _psi_ __Div. _ _cchec |
i
2/23/68 35 50 1,050 4.2167°, |
sta-dard feck 125 150 7,400 2.96x167C |
5 250 17,106 7131075

335 350 31,100 1.3x10-!

-5
50 41,500 3.81x1¢C

o 35
Jy S vy . . .
31079 leak)-— Leak rate increased four-fold wwhile on detector.

7. .
(Std = 11C div.for 783 £107¢ feak) 35 50 2.290 1 -62“0:; !
135 150 15643 ]'me,:g ;
235 250 27,140 2.633:10”3
335 350 6£.27C 4.66:10
System Elopsed NO, NO 5 Flov: Ava.
Pressure,  Time, Flow {Rea! Gas) NQO o flow
psig Min. ;;gm/min cc/sec cc’sec
Nitrogen Tetroxide Leak 2726/8 50 80 546 2.67x103
130 339 165 "
275 319 1.56 "
330 225 1.59 "
390 319 1.56 "
2/27/8 1385 100 4.90%107%
1415 25 4,55 "
1470 78 3.32 °
1560 53.5 2.72 "
1680 31.6 1.55 "
1830 26.8 1.31 "
A s A
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Date

74205 13 (Coniirued)

System

Pressure,

psid

Elupsed
Time,

M ir. .

2/"28//8

2,/29/8

2/29/8

3/1/68

50

150

250

250

154

2880
2940
3000
10
30
60
125
5
20
60
126
1110
1140
1170
1200
10
120
240
132C
135C
1380
60
120
150
30
60
90
120
30
60
90
120

papER D2-114232-
r.‘"'/ k.(
MC,  NOFlow Avg.
Flow (Real Gas) NO 2 Flove
,“gﬁkﬁﬁh” _ fc/Ecc _ ce sec
2.3 1.09<1071) p
22.6 111" - 1a0x10 T
22.6 1R S B

61.0 2.99x1077
63.8  3.13 "' - y
63.8 3.13 "~ 3.13x10
63.8  3.13 "

106.0  5.20
96.0  4.70 '

119.0  5.81 "

120.4  5.89 ' !

123.2  6.05 " i -4

123.2  6.05 " > 94x19

118.1 5.30 " !

123.8  6.06 "/

196 9.59x]0:§

205 1.01x10

222 1 091073

275 1.35x1072 3
n 1.35<107° ~ 1.35410
] 1.354107%

199. 9.75x107" | 4
1 9.75¢10~% - §.75x10
" 9.75<107% ~

126 6.18x107*

121 5.92 1 -4

1% 2 g 6.13x10

12¢ 6.18 " -

405 2.37x10 -) 4
472 232 7 | -4
8.5  2.37 "\ 2.35:10
47.9 235

i 119
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Dates:

Fluid:

Comments:

Test Descrintion

Test(1.75 x 107
Standard Leck =
730 CEC Div.)

Leak Descripticn:

Helium Rate Before

TABLE 14
APOLLO TIE LEAK TEST LAiA
2/2/68 - 2/12/68
: -4 / L ! :
Nominal 107 cc/sec helivn: fea, scribed plug

Nitrogen Tetroxide

jeak.,

Following the test the plug was found to be coated vith a brown

oily residuz, whose IR spectrum indicated Kel-F

contamination.

Note, nevarthalass, that the helium leak rate was increased
7 I

slightly during the test.

Helium Rate After Test
(Same Standard Loak =
600 Div. to 510 Div.)

Nitrogen, Tetroxide
Leak

Pre:gurg D?ffm‘er\.-:e |I"
Pressure, Difference,  CEC Reading, Leck Rate,
Dcte psic pi Div. cc—cfm/"ssc
2/2.68 35 50 - 770 1,85 x 107
135 150 9,770 2.34x 107,
235 250 25,770 6.18x 107 |
335 350 49 770 11961677
2712/68 34 49 930 213 % 10:‘; |
135 150 9,370 3.09 % 10
236 251 22,710 7.3 x 10,
336 51 40,450 1.29 x 10
Elapsed NO, Avg. MO,
System Time N02 Flowz Flow 2
Pressure, at Press.  Flow (Real Gas)  (Real Gas)
“p_sii Mir . gm/min. ce/sac ce/s2c
2/6/68 50 50 8.95 4.48x107°
45 9.82 4.82
120 14.43  7.09 "
158 17.40 8.51 "
205 19.36  9.48 "
262 20,00 9.79 "
322 21.00 1.02x10°% ) . _ . 4
382 21.95 1.07 ° 10710
442 22,642 1.10 °

e ——— - % At % < = = bk % 4 e A

~
Sheat s

R

120
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Elapsed 1Ch Avg. NCo
System Tire MO, Flow Flow
Pressure, cf Pross, Fiow (Real Gous)  (Real Cui5)
Date psig _ Min. _L‘Lg_"'f}'i""h' . ce/iec ____f:f»_'/s_c;c____
s/
A
2/7/68 150 G435 36.50 ].78x!C-4
1025 36.50 1.78x10_, (" 1.78x10
1065 26.50 1.78410
250 15 62.20 3.iaxyo’4~, 4
45 7.4 230 " - 3.40x10
105 71.6 3.50 "
2/8/68 1090 92.0 4.30 " -4
1165 920 4.50 v - 400
350 3 109.8  5.36x107"
19 122.8  5.96
34 131.5  6.45 '
58 136.3  6.49 "
137 137.5  6.72 " 4
200 137.5 6.72 " i 6.710
1165 137.5  6.72 "
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Dates:
Leak Description:
Fluid:

Commenits:

Test Description

Heliuin Before Test
5.70 x 10-€ sid -

330 div.

Nitrogen Tetroxide

Leak

TABLE 15
APOLLO TIE LEAK TEST DATA

3/18/62 - 3/20/68

-5
NMominal 5 x 10 7 cc/sec Helivm Leak, Crushed Tube

Nitrogen Tetroxide

This leak, the last NO»9 lech, perfoimed faultlessly during MO testing
2 P Y g 2 g

but plugged absolutely during preparation for the final helium test, so no

ost-test helium leak data was obiained.
P
Pressure,  Pressure

Differerce In
CEC Reading,

Leak Rain

Bc:_f_c_ _Esig _ Diff. (oci) (Di‘».!is?ons‘)__ ce/sec
-5
3/18/6% 35 50 2,570 4.55 x 10_,
135 150 13,170 2.31x 10,
235 250 27,470 4.93 %107,
335 350 47,670 2.3« 10

Systam Elvopzed NOzFlow NO, Flow
Pressure, e, (1 am/omie) ( cc gas/sac)
g min o ST ST
-4
3/20/68 55 2 23.2 113 x 107,
27 23.2 LI e,
40 23.2 113 x 107
-4
156 &0 58.2 2.85 % 10
80 60.5 2.95x 16 _,

100 60.5 2.95x 10
251 150 92.2 4.5 %10
170 $2.2 4.51 %10 7
350 225 127.5 620 167"

240 (R} I

252 270 $2.5 4.53 x m:'f
152 300 60.0 2.93x 107,
55 330 23.2 1.13x 107
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Dates:
Leak Description:
Fluid:

Com:rants:

TABLE 1/

APOLLO TIE LEAK TEST DATA

3/14/63 - 3/18/68

. -6 .
Nominal 5 x 10~ cc/sec Helium Leak, Crushed Tebe

Nitrogen Tetroxide

Data of 3/18/68 used to calculate NO, eokage rate. This laak was

fairly stable during MO,

can beo seen by the helivm cofter deta.

Diffarance In

CEC Rzading,

Pressure, Pressure

tasting but did suffer significant blocking, as

Leck Rate,

Test Description Date peig Diff. {oei} (Divisinns) ce/sec
Helium Before Test 3/14/68 35 50 3,050 5.52 x !o'f
5.70 x 1072 Std = 135 150 12,250 2.37 « 10';

3250 div. 235 250 23,500 5.09%x 10

335 350 49250 8.78 x 1672
-7
Helium After Test 3/18/68 35 50 200 5.45 % 10_,
I 5.70 % 107 Sid = 135 150 825 1,72 307,
2950 div. 235 250 1,600 3.17x 10_,
335 350 2,550 4.93 x 10
e e MOgflow  NOy Flow
psig Hr. Min. u:_g//nlin.) (cc gc:s/sec\
Nitrogen Tetroxide 3/16/68 55 5 0.355 1.74 x 10—6
Leak 25 "
45 u %
3/18.768 54 46 55 0.264 1.30x 10
‘ 47 25 y %
153 48 25 0.729 3.57x 10_,
48 55 0.720 3.52x 107,
254 49 35 1.092 5.36 x 10
50 5 " "
347 50 45 1.51 7.40x 10,
51 15 1.49 7.30x 107,
251 51 35 1.08 5.30 x 10_,
52 5 1.09 5.36 x 107,
151 52 20 0.70 3.42 x 10
52 40 " s
54 53 0 0.235 1.39x 10_
53 35 0.300 V.46 % 10
T 23 .
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Dates: 5/14765 - 5715743

Leak Description:
Fluid:

Comments:

Smashed Steel Leck, rominal 10

TABLE i3
APOLLO Tl LEAK TEST [ TA

~2

Monomethylhydrazine

Test Description

1 Helium Calibration Before Test

2. Monometnylhydiazine

Leak Rate Test

5/14/68

Elapsed
Time,
min.

OO0 N WO - O

1
11
12
13
14
15
16
17
20
25
35
50
70
100
160
200

(@)

Prassure,

_psig
50 NA
150 "
250
Action

Fill reservoir
Pressurize to
Sample at
"

Pressurize to
Sample at

1t
Pressurize to
Sample at

"
Drop pressure to
Saomple at
Sample ct
Drop pressurs to
Sample at

"

Scrmple at

LT (RN
TR S PR oY

DZ2-11.252-1

ccsec Helium

Velume,

TH’T[C,
secC

Pressure, arnple

psiy No.
50
54 |
54 2
150

145 3
145 4
250

250 5
250 6
150

155 7
155 8
50
52 9
52 10
52 1]
52 12
52 12
52 14
52 15
52 16
52 17
52 8
52 19
52 20

Leak Rute,

CC/SGC

2.61 x 10’?
1.54 % 10_,

3.75x 10

Leok Rate,

N
&
X
o
Al

o
O (n
x
(@]

[N ]
O
x X

O’ o

o
n
>\

o

)
N2
x .
(&)
!
C

RO N~ 0Ny WD — -
w N
~
(&)
tot

SHEE
ST 24
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T TABLE 12 (Coriirsed! -
Elapsed ,
Tirme, Pressure,  Sample Leal: Rate,
min. Action psig No. cc/sec
5/14/65 225 Pressurize to 145 6
235 Somple at 145 21 3.3 x ]O._é
245 " 145 22 2.5x 10
255 Pressurize to 249 -5
265 Samplz at 249 23 1.9 x 10_5
285 " 249 24 2.6 x 10
292 Drop pressure to 150 -
302 Sample at 150 25 5.5x 10
310 Drop pressure to 50 7 i
320 Sample ot 50 24 5.6 x ]0_7
343 " 50 27 1.9x 10
390 Drop pressure to 15
5/15/68 1410 Prescurize to 250 4
1415 Saxple at 250 30 3.5x 10
1420 Drop pressure io 150 -4
1425 Somple at 150 31 1.5x 10
1430 D:rop presture to 50 7
1440 Sample at 50 32 7.5x 10
1445 Pressurize to 156 7
1455 Sample at 156 33 9.5%x 10
1460 Pressurize to 250 -6
1470 Sample at 250 34 3.0x 10
1475 Drop pressure to 150 -6
1483 Sample at 150 35 1.8x 10
1489 Drop pressure to 50 -7
1500 Sumple at 50 36 6.2x 10
Pressurs, Velurse, Tire, Leck Rate
psig cc sec cc/sec .
3. Helium Colibration 50 NA NA 6.2x 107",
After Test 150 " ! 4.65% 10 ,
250 " " 1.14x 1077

425
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TABLE 19

APOLLO TIE LEAK TEST [ TA

Dates: 5/8/68 - 5/13,/48
Leck Description:
Fluid: Monomreshyltydrazine

Comreents:

continued to plug furthar during tes*.

Smashed steel tubing lead, rorninal 3 < 10
o ’

+

/ -
cclsee Helium Leal:,

Leok appeared to plug badly before inirial point was meosured, ond

Pressure, Volume Time, Leak Rate,
Test Description psin cc sec cc/sec
1. Helium Culibrations Before Test

5/8/68 50 NA NA 7.23 x 103 *
150 6.30 x 107 ;
250 1.35% 10 ,
50 4.82x 100
150 2.92x 107,
250 6.67 x 10 g
5/9/68 s 5.20. 107 |
150 3.02x 10 |

250 6.44x 102

50 3.87 x 107,

150 2.92%10_,

250 £.47 » 10 .

50 3.824 107,

150 2.92: 10

250 6.45x 10 3

5/10,/68 50 5.06 % 10,

150 2.9 % 10_,

250 6.45 x 10
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TABLE 19 {Cantinuaa)
Elapsed
Time Leak Rate
(From start Measured
of expt.) Pressure,  Sample of MMH
Hr.  Min. Actior osig No. cc’sec
2. Monomethyl-
hydrazine Leck
Rate Measurement
5/10/68 0 0 Fill resarvoir
20 Pressurize ‘o 50 %
3 ~ Sample at 50 I 1.36 x 10
40 Pressurize to 150 6
50 Sample at 149 2 3.0x 10
1 0 Pressurize to - 250 6
1 10 Scimple ot 245 3 2.4 x 10_6
1 30 Sample ot 245 4 2.0x 10
1 45 Drop pressure to 150 .7
2 0 Sample at 154 5 6.7 x 10
2 30 Drop pressure to 50 -7
2 40 Sample ot 53 6 1.3x 10
3 00 Pressurize to 150 7
3 20 - Sariple at 148 7 3.5x 10
3 40 Pressurize to 250 7
4 00 Sample at 250 8 6.5x 10
4 20 Drop prescure to - 150 7
4 35 Sample at 154 9 2.5x 10
4 45 Drop pressure to 50 -8
5 00 Sample ci 54 10 B.1x 10
Pressure,  \Volume, Time, Leak Rate,
psig cc sec cc/sec
3. Helium Caolibrotion After Test .
5/13/68 60 NA NA 6.00 x 1077
150 4.95x 10
250 1.45 % 10
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Dates:

Leak Description:
Helium
Fluid:

Comments:

to 30 psig, and maintained theve thioughout the test.

Test Description

1. Helium Calibration
Before Test

2. Monomethylhydrazine
Leak Rate Test 6,717,768

TABLE 20

APOLLO TIE LEAK TES™ DATA

6,/17/62-6/18 68

Monorme thylhydrazine
bALAY 4

AN Flared Fitting, with Lighily Toigued Plug, neminal 10

DZ-1145252-1

cc/sec

During liguid leak testing the reservoir was filled with fuel, pressurized

Pressure, Volume, Time, Lecok Rote,
psig cc cc,/sec
50 1.00 104.4 9.6 x 10 ?2
51 1.00 100.0 1.00% 1075
52 1.00 1.04 % 10
Elopsed Time (min) from Leak Rate at
Initial Pressurizaiion at 50 psig
50 psig Somple No. ce/sec
2 3 1077
4 4 <1077 7
7 5 5.3x 10
1 6 1.85% 10,
16 7 1.98 < 107,
23 8 1.98x 10_,
38 9 2.76 x 10_
50 10 3.80x 10,
70 1 4.00 x 10
92 12 5.6 x 1079
110 13 7.2x 107,
130 14 9.95 x 10
162 15 6.7 x 1076
188 16 6.1x 1076
219 17 5.0 x 1070
256 18 6.1 x 1076
232 19 6.1 x 1076
315 20 3.95% 107%
330 : 4.5 x 10*3
1240 23 3.3x 1072
1360 24 6.3 %1077
1380 25 4.9 <107

.
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rurasin D2-114252-1
LR ‘(Q;‘E;’sz‘%ﬂdfl.‘?; COoATIA G r J»’ ‘IQ
TABLE Z0 {Cortivuea) R
. /
Pressure, Volume, Tirma Leak Rate,
R . ’
Test Description 0sig cc sec cc/sec

3.

Helium Colibration
After Test

50 1.00
50 0.€0
50 1.00
50 1.00

167
136
167
152

5.99 x 10:3
5.85 x ]0_3
5.99x 10 3

6.55x 10

129
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TABLE 2t

APOLLO TIE LEAK TEST TATA

Dates: 6/19,/68-6/20/68
3

Leak Description: AN Flared Fitting, with Lightly Torqued Plug, nomingl 107 cesec
helium leak.

Fluid: Monomeihylhydrazine
Comments: Room temperature 72°-74°F .
Pressure, Volume, Time, Leak Rate,
Test Description psig cc sec cc’/sec
1. Helium Calibration Before Test 50 1.00 47 1.55 ]O:g
50 1.00 641 1 56 x 10_2
150 1.00 100.3 1.00 x ]O~2
250 1.00 41.3 2.42x 10
250 0.60 2.9 - 242x10,
150 0.60 60.4 9.95 x 10:3
50 0.60 323 1.86 x 10"3
50 C.60 342 1.75 « 10_3
50 0.60 339 1.77 x 10
2. MNoromethylhydrazine Elapsed Time, Pressure,  Scraple  Laak Raote,
Leck Test ' min. Action psiq No. ce/s2c ;
6/19/58 0 Prescurize to 50 -8
5 Sample at 50 ] 1 '362<]O~8
7 " 50 2 2.}4x10_3
27 " 50 3 2.56x10
47 " 50 4 2.7&10_5
-75 " 50 S 2.38x10_g
160 " 50 6 3.13x10_¢
235 " 50 7 2.99x10
265 50 8 3.13%10
295 " 50 9 2.8510
6/20/68 1340 " 50 10 <10-2
1370 " 50 1 ¢10-8
1375 Pressurize to 150 -8
1390 Sample af 150 12 1.33x10
1395 Pressurize to 250 C\
1420 Sarapla o 250 13 2.00x10°
o7 =



MATURIAL ONLY

USE FOR TYPEWR)ITEN

LR

PRI EY LS RTINS

PUOMBEDR DI-114255-1

N 1 T
FEn LiR
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TABLE 21 (Coniiruon

Tast Deceripiion

Helium Calibration After Test

Pressuie,

P3ig

50
150
250

50

Leak Rate,
cesec

4.52 x 1o'§
1.94 5 10
5.71 x 10

-3
4.14 x 10‘4

SHEET 131
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"TABLE 22 )
APOLLO TIE LEAK TEST DATA
Date: 5,/22.68
Leak Description:  Class leak No. 2, 4 x 1077 ce/see helium.
Fluid: Monomethyllhydrazine
Pressurs, Velume, Tirme, Lzak Rate,
Test Description _psig cc sec. ce/sec L
1. Helium Calibration 48 5.0 121 4.13 x 1072
150 5.0 19.5  2.57x 107)
150 25 0 83 2.82 x 107!
250 25.0 42.6  5.86« 10-}
250 25.0 42.6 5.86 x 107
150 25.0 89 2.86 x 107!
50 5.0 105 4.71 x 1072
. . . -3 -4
2. Monomethythydrazine Run 50 4.0 x i0 4.4 9.1 x 10
150 5.0x 1073 24 2.1x 10-%
250 7.0x 1073 2.75  2.5x 107
3. Hzlium Calibration 48 5.0 122 3.92 x 10’?
After Run ~ 150 25.0 101 2.46 x 10“]
250 25.0 48 5.21 x 10”
) . -3 -3
4. Monomethylhydrazine Run, 250 6.0x 10 5 2.0 3.0x 10_4
Repeat 50 4.0x 107 4.5 8.9 x 10
150 6.0 x 1073 Leak Plugged

cwer e o ——————)
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TAALE 20 T T
APOLLO VIt LEAK TESY DATA
Date: 5/24/68
Leak Description:  Glass feak Ne. 5, nominal 10~ cc,'sac helivm.
Fluid: Monormisthylhydrazine
Pressure, Volume, Time, Leck Rate,
Test Doscription __.Eﬁig __cc _sec. cc’sac
1. Helium Calibration 250 0.20 355 5.65% 107
145 0.05 235 1.73 x 1074
50 0.0l 266 3.76 x 1072
2. Monomethylhydrazine Run 250 2.0x 13{1 860 2.34 x 10*6
150 3.0x 1070 2310 1.30 x 107%
50 3.0 x 1073 Leak Plugged
Dote: 5/27/'68
Leak Description:  Glass leak No. 7, nominal 10—3 ce’sec helium.
Fluid: Mznomathylhydrazine
Pressure, Volume, Time, Leak Rate,
Tast Description J_SLQ~ _cc sec. cc/sec
1. Helium Calibration 48 1.0 370 2.7 x Io':j
150 1.0 47 .5 2.1 x 107
250 0.6 11.5  5.25x 1072
150 0.6 27.5  2.18x 1072
50 1.0 317 3.15x 1073
50 1.0 327 3.06 x 1073
2. Monomethylhydrazine Run 150 4.0 x 1073 27.7 1,44 % 1674
- 250 4.0x 1073 Leak Plugged

~~ S

s  ant- . S ane & A——
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o TARLE 20 -
APOLLO Tit LEAK TEST DATA
Dote: - 5,27/¢3
' « . . -3 / .
Leak Description:  Glass leok No. &, nominal 10 7 cc s2c helium.
Fluid: Monomethylhydrazine
Pressure, Volume, Tims, Leok Rate,
Test Descriotion psiq _cc s=c. cc is:c_c_____
1. Helium Calibration 47 10 968 1.04 x ]0_3
150 1.0 135 7.42x 1077
250 1.0 54 1.85 x 107
150 1.0 134 7.45 x 1073
50 0.6 575 1.04 x 1077
2. Monomethylhydrazine Run 250 4.0 x 1073 32 1.25 x 10.'4
150 4.0 x 1073 Leak Plugged
Date: 5/27,/68
Leok Descripticn:  Lzak no. 9, nominc! 10—3 ce,sec helium,
Fluid: Monomethylhydrazine
: Pressurz, Velume, Time, Leak Rate,
Test Deseription. psio__ cc . sec. = cefsec
I Helium Celibration 50 1.0 329 3.02x 1073
150 1.0 53.6  1.87 x 1072
250 1.0 24 4.18 x 1072
150 10 513 1.94x 1072
50 1.0 298 3.35x 1073
2. Moncmethylhydrazine Run 50 2.0 % 1073 41.3  4.84x 1070
250 2.0x 1073 Leok Plugged

!

134
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) TABLE 23 o B
APOLLO TIE LEAK TEST ~ATA
-Date: 5,/29/68
Leak Desc}iption: Glass lzak No. 11, nomiral 107 cc/sec haliom.
Fluid: Monomethylhydrazine
Pressure, Vciume, Time, Leok Rate,
Test Description psig ce sec. cc /sec_’__
-4
1. Helium Calibration 50 0.10 482 2.08<10 _ (Air?)H
150 0.10 52.6  1.90x1073
250 1.0 222 4.50x1073
150 0.10 53.0 1.89x10-3
N 50 0.10 423 2.33x1074
3 2. Monomzthylhydrazine Run 150 3.0x10-3 169 1.77x1072
3 250 3.0x1073 142 2.11x107
: 3. Helium, Recalibration 250 1.0 247 400107
- E 150 0.1 59 1.7ox'.o:4
z 50 0.1 434 2.30x10
: 4. Monomethylhydrazine Run 50 3.0x1073 990 3.03x107%
3 4 150 3.0x10-3 315 9.55x107%
5 5. Helium Recalibraticn 250 1.0 231 4.34x1073
6. Monomethylhydrazine 250 3.Oxl()-3 Missed time reading.
250 3.0x10-3 196 1.53x1072
*Probably low bacause air nat swept from leak prior to run.
| i !
‘ e — i

-)' . ]3:)



N

WATL R AT

2]

VSt FOQR TYPEWh! 1

e EBATELFS L o

Date: 5./22/68
Leak Description:

Fluid:

Test Description

1. Helium Calibration

2. Monomethylhydrazine Run

Monomethylhydrazine

Date: 5/22 /68
L=ak Description:

Fluid:

Jest Description

1. Helium Calibration

2. Monomethylhydrazine Run

AR A a =

Monomethylhydrazine

. _7-
Giass Leak No. 1, nominal 10 7 ces2c helivm.

Pressure, Velume, Time, Leck Rate,

) psig cc sec. cc/sec
50 2.0 196 1.02 % 10:3
50 2.0 195 1.02 x 10
150 2.0 31.2  6.39x 1072
150 2.0 31.2 6.39x 1073
250 5.0 2.6 1.69 x 10,
250 5.0 26.6 1.69 x 10
150 5.0 62.3  7.3x10-2
150 5.0 68.0  7.3x 1072
50 5.0 462 1 07 x 1072
52 5.0 x w:g 34 Va7 <107
156 5.0x 10 Leak Plugged

Glass Leak No. 3, nominal 10 cc/sec halium.

Prescure, Volurar, Time, L2ak Rate,

_psig _cc . sec. _ccfsec
50 1.0 456 2.2 x 10'?2
150 2.0 104 1.92x 1075
50 2.0 . 44 4.55 x 10_7
150 2.0 104 1.92x 10 3
50 1.0 364 2.75 x 10
50 4.0 x xojg 115 3.47 x 107
150 4.0 x 10 Leuk Plugged

13¢ )



UWRITI LI WA TERIAL ONLY

lyp

]

Comments:

' MUMBER  D2-11425¢-!
v AFLTEFATEE FEVOUR
TABLE =7
APOLLO TIE LEAK TEST DATA

Dates: - 5/23-5/28/63
Leak Description: Glass Leak No. _Helium Flow Raie at 50 psig

4 2.49 « 10]4

6 5.8 x 1077

10 5.8 x 1074

The above leaks all plugged during the attempt to measure an initial

monomethylhydrazine flow rate.
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Dates:

Leak Description:

TABLE 2¢
APOLLO TIE LEAK TEST DATA

6/24,68 - 6/25/68

AN Flared Fitting, with Lightly Tercood Plua, nominal 10 7 ce/s

Helium Legk

CALEC2 At T . AR

Fluid: Aerozine-50
Comments: Room temperature varied betwezn 75 ond 84°F during test.
Pressure, Volume, Time, Leak Ratz2,
Test Description psig cc sec cclsec
I. Helium Calibration Before Test 50 0.40 387 1.03 x xo::;
150 0.60 86 6.99 x 10 2
250 0.60 31.5 1.90x 10
150 0.6 81.3 7.39 % 103
50 0.60 509 P18 x 10_3
50 0.60 523 1.14x 10
Elapsed
Time, Pressure Sample Leck Rate,
2. Feel Leok Rate Test min. Action psig No. cc/sec
6/24./68 0 Fill & prescurize to 50 -9
10 Faint oder, sample ot 50 2 2.2ix10
18 Somple at 50 3 4.35<10
42 Faint odor, sample ai 50 4 7.0ix10
69 Odor stronger, -7
sample at " ) 7.50x10_7
90 Sample at " 6 5.5516 4
120 " 7 3.60x107
140 Odor wecker, 7
sample o " 8 2.74,\4]0”7
170 Sample at " 9 3.40x10
200 " : 10 6.08x10 4
230 : " 11 6 .89;&3;7
260 ! : 12 4.25x10
290 " " 13 5.25x10,
320 Sample at 50 14 5.7210
Leave fillad and pressurized avernight ot 50 psig. 6
6/25/68 1305 Scmple ot 50 15 1.66x10
1335 Sonple ot 50 16 1.50410,
1350 " 50 17 1 75x10
R0 130

L Ty S ——
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TABLE 29 {Continved)

Elapsed
Time,
min.

1370 Sampie at

1390 Sample at

1425 "

1455 "

1500 "

1530 !

Prassure,
psig
3. Helium Calibration After Test 250
150
50

Pressure, Sample

Leak Rate,

_psig Mo, o cefsec
_‘,
150 18 1.52:10
150 19 2.72<10°
250 20 £.00¢107,
250 21 7.75:10_,
150 22 3.70x10 6
150 23 4.16x10°
Volume, Time, Leak Rate,
_ [of o} sec CC//S(%C
-2
5.00 127 3.92 x 1o~2
5.00 301 165 x 10 5
0.60 302 1.98 x 12

Y39
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TASLE 22

APOLLO TIE LEAK TEST D TA
Dates: 6/26/68 - 6/27/68

. ; . . -3
Leak Description: AN Flared Fitting, with Lightly Torgozd Pluz, nomiral 5 x 10 ce/sec
Helium Leak

Fluid: Aerozine-50

Laboratory Temperature: 74-76°F

Pressure, Volume, Time, Leak Rate,
Test Description psig cc sec cc/sec
1. Helium Calibiation Before Test -
6/2¢,/68 50 0.40 106 5.65 < 10_;
150 5.00 95 5.251 10
250 5.00 32.5 1.30 < 107,
250 5.00 38.5 1.30 x 107,
150 5.00 95 5.25x 10_3
50 1.00 176 5.68 x 10
Elapsed
Time, Pressure, Sample  Leck Rute,
2. Fual Leak Rate Test min. Action prig No. ce/sec
6/26/68 0 Fill & pressurize to 50 -7
0 Sample at 50 1 3.82 x 10_6
20 ! 50 2 3.43x 10,
40 " 50 3 2.82x 100
60 " 50 4 3.16 x ‘0—6
99 " 50 5 3.38x 107,
120 50 6 477107,
150 " 50 7 4.05x 10,
180 ! 50 g 4,91 x IO__’6
240 ! 50 9 3.75x 10,
300 " 50 10 6.69x 197
360 " 50 11 4.77 x 1C_
420 " 50 ! 4.60x 107,
6,°27/68 1520 ; 50 > 15910,
1540 " 50 14 14410
1590 . 150 15 4.04 x 10%
1£00 " 150 . 16 3.97x 10 .
1700 L 250 17 2.56x10
1710 " 250 18 2.60 % 167
1740 " 150 19 1.18 x 107

S 1A
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T&BLE 27 ‘fCOhﬂrH‘.?d)

Elepced
Time, Pressur2, Sample Leak Rate,
min. Ac"&_fil” osig No. cersac
1750 Somgle af 150 20 1.04x 100,
1780 " 50 21 4.93 x ]O—-é
1790 Sample af 50 2 4.77x10
Pressure, Volume, Time, Leak Rate,
_psig e sec eqfec
-2
3. Helium Calibration After Test 250 5.00 178 2.81 x 10_2
150 5.00 22 1.17 1073
50 0.60 514 1.17 x 10
— I —
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APOLLO TIE LEAK TEST DATA

Date 6,/21768
Leak Description: AN Flared Fitting, with Lightl Torqued Pluy, nominal 10 © cc/eec
Helium Leck
Fluid: ~Acrozine-50
Comments: Room temperctuie = 72°F.
Pressure, Velume, Time, Leak Rate,
Test Description psia cc sec _._C,c_'/iii..___
1. Helium Calibration Bzfore Test 50 0.60 71 8.45 x ]O:%
' 150 5.00 56.5 8.85x 10
250 5.0 21.9 2.28 x 10}
250 5.00 21.8 2.29 « 10_2
150 5.00 54.0 9.25 % 10~3
50 0.60 66.0 9.10 x 16_
50 0.60 68.5 .8.75 x 10
Elapsed .
Time, Pressure, Scmplza  Leok Rete,
2. Fuel Leak Rate Test min __Action _psig Ne. _-c_;;/_sec-__
0 Fill & pressurize to 50 i {4 x 1078
6  Faint oder, sarple ot 50 2 1.31x10%8
13 Strong odor, 50 3 2.89x10_6
27 Sample at 50 4 5.65;<10_6
38 ! 50 5 9.00x1 0_5
55 ! 50 6 1 .37;(10_5
70 ' 50 72,6010
95 " 50 8 1 .9‘?,\(10_5
120 ‘ 50 9 3.59<10 ;
160 " 50 10 2.19:10;
220 ! 50 11 2.13x10
250 Raise przssure to 150, leak drips fluid.
Pressure, Volume, Time, Leak Rote,
psic _ _cc_ sec __cclec
3. Helium Calibration After Test 50 6.6 0.0 1.00x 10 5
150 5.0 58 .1 8.60 x !O_}'
250 5.0 235 2.12x 15
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TABLE 32
APOLLO TIE LEAK TEST DATA
Date: 6/3/68
Leak Description:  Glass Leek Mo. 1, nominal IO_A ce/sec Helium
Fluid: Hydrazine-UDMH 50%5-50%
Pressure, Volume, Time, Leok Rate
Test Description csig cc sec. celsec
— JEEE SR — PO -_— ————— ———
, -1
1. Helium Colibration 250 5.0 27 .1 1.985 x ]O_]
Before Run 250 5.0 26.9 1.86 x ?0_]
25 5.0 27 .1 1.84 x 10_2
15C 5.0 63.7 7.86 x IO_?
150 5.0 63.6 7.88 x 10_?'
50 2.0 194.5 1.03 x 10~2'
50 2.0 193.9 1.03 x ‘.0“2
150 5.0 63.5 7.88 x ]O_]
250 5.0 26.9 1.86 x 10
-3 - . -4
2. Fuel Run 50 5.0x 10_3 37.5 1.33 x 10_4
150 7.0 x 10_3 16.6 4.22 x 10_,
250 7.0x 10 0.5 6.67 x 10 "
3. Helium Leck Rate 250 5.0 27.6 1.81 x loj
After Run 250 5.0 27.5 1.82x 10 ”
155 5.0 63.0 7.94x 10
150 5.0 65.0 7.70 x 10_3
50 2.0 202.4 9.87 x 10
-3 -4
4, Fuel Run 250 7.0x 10 12.9 5.42x 10

Leak may be plugging - discard point.
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Date:

Leak Description:

APOLLO TiE LEAK TEST DATA
6/3,68

Gluss Leak Mo 4, norminal 1;0—3 cesec Helivm Leck

Fluid: Hydrazine-UDMH
Pressure, Volume, Time, Leak Ratz,
Test Description _Ppsig cc sec. -_C—E:;{S:‘E _
1. Helium Celitration 250 1.0 68.5 1.46 x 10:§
Before Run 150 1.0 134.0 5.44 x 10_4
50 0.4 493.0 8.12x 10
-3 o -5
2. Fuel Rur 240 6.0 x ”}_3 128.0 4,68 x ]0_5
146 6.0 x “3_3 203.0 2.96 % ]O—é
50 6.0x 10 635.0 9.45 x 10
3. Helium Leak Rote 250 1.0 69.5 1.44 x 1o:§
After Run 150 1.0 .188.0 532x1C 4
50 0.2 255.0 7.85x 107
Date: &/4/68
-4 .
Leak Descriptior: Glass Leak No. 5, nominal 5 x 10 cc/sec Helium Leuk
Fluid: Hydrazine-UDMH
Pressure, Volume, Time, Leak Rate,
Tast Description _ptig _cc sec. cc/ifa_c_,_
1. Helium Caiibration 250 1.0 126.2 7.93 x 10:3
Before Run 150 1.0 361.9(?) 2.77 x 10,
250 1.0 124.0 £.06 x 10_3
150 0.6 134.0 3.26 « !O__:,
50 0.2 366.0 5.47 x 10
2. Fuel Run 250 4.0 10 151.0 2.65 x 10:2
150 4.0x 10_ 25C.0 1.60x 10
50 4.0x 10 Leak Plugaed
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Dote:

Leak Description:

TABLE C4
APOLLO TIE LEAK TEST DATA

6/6/68

Glass Leak No. 7, nominal 10~ cc/sac Helium Leck
7 /

Fluid: Hydrazine-UDMH
Pressure, Volure, Time, Leak Rote,
Test Description _psig cc sec ce/sec
1. Helium Calibration 250 0.20 380.0 5.26 x 10:2
Before Run 150 0.10 490.0 2.04 x 10_5
50 0.09 2352.0 3.83x 10
- -3 -6
2. Fuel Run 250 2.0 x 10_3 1200.0 1.67 x 10_,
150 4.0x 107 3420.0 117 x 107,
60 2.0x 1C 5110.0 3.93x 10
3. Helium Calibration 260 0.10 214.0 4.67 x mj
After Run 155 0.50 273.0 1.83 x ]O_:_;
50 0.01 264.0 3.52x 10
Date: 6/10,68
Leak Description:  Glass Leak No. 9, nominal 107 ce,'sec Helium Leak
Fluid: Hydrazine-UDMH
Pre:zsure, Volume, Time, Leck Rcte,
Test Descristion __psig cc sec. _._‘_:.9_/53‘.:_ i
1. Helium Calibration 255 1.0 191.0 5.24 x lo:‘;’
Before Test 155 1.0 487.0 2.06 x 10,
55 0.80 2261.0 3.54x 107
2. Fuel Leak Rate 250 5.0x 1035 253.0 1.97 x 1073
150 4.0 x 10 4 341.0 1.18 x 10
50 4.0x 10 Leak Plugged




USE FOR TYPEWRITIUN MATERIAL OMNLY

LERLTESTYET -

ToUumM3eR D2-114250-1
~EVOLTR

T TABLE DS T o
APOLLO TIE LEAK TEST DATA
Dates: 5/3/68-6/10/63
Helium Flow Rare Hydrazrine-UDMH
at 50 psiyg, Flow Rate,
Leak Descrintior Glass Leak Mo. __<_‘cc,/z;e?_§‘__w__ el
-4 =0
2 7.95x 10 Sox 10 7 (3C psiy)
-4
3 3.1t % 10 -
. -5 5 e
6 2.3 x 10 1.01 x 10 7(250 psig,
-4
3 417 % 10 -
(ot 60 psig)
Comments: All of these leaks nlucaed during hydrazine-lINMH testing, numbers 3 and &
during the first maasurement, and numbers 2 and 6 du-irg the second measuremer: .
!
e — — ed
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TABLE 37
APOLLO TIE LEAK TEST CATA
Date: 5/10/68~5/]3/68, 5/21/68
Leak Number 2-1
Description: Glass capillary, nominal 107 cc’sec helium leak.
Fluids: 625 Glycol/Water, filiered through 0.45 micron filter. Also Type I}
Wofer/G!ycol and Distilled Water, so filtared.
Pressure, Volume, Time, Flow Rate,
Test Description psig cc sec cc/sec
1. Helium Calibration Prior 30 5.00 73 6.35x10'f
to Run 60 10.00 79.5 ] .26x]0-1
90 10.00 41.5 2.41x10_2
30 6.00 0 6.66x10"
60 10.00 63.5 1.57x107}
2. 62% Glycol/Water © 60 5.06107° 14,9 3.36x107"
- ‘ 90 10.0x10-3  20.3 4.94x10™4
30 5.0<10=3  33.5 1.49x10"
60 10.0x1073 36.6 2.73x10"
3. Helium Calibration After Run 60 2.00 14.8 1.35¢10""
. 30 2.00 36.3 5.55(]0"%
90 10.00 33.8 2.58x10”
=7
4. Helium Recalibration, One 30 6.0 140 4.22x 10 ;
Weel: Latar &0 10.0 102 9.20x1074
90 10.0 54.5 1.83x10"1
5. Rinse Lock with Distilled 90 8.0 28.5 2.02x10
Water, Recalibratz with é0 5.0 33.¢ 1.52:.107
Healium 30 1.0 19.5 5.12¢107

r— . —
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NUMBER  D2-114230-1
o ERIEELIAD SR
TABLE 37, Contirued
Leak Mumber 2-1 Centinuea:
Pressure, Vaolure, Tira, Flow Rate,
Test Description _Bf.:,* e sec. _Ef,-’sef_*-
- 2 .. -4
6. Distilled Water 130 2.0x10 22.5. 8.9x107 ",
69 2.0:1072  12.2 1.64x10™
90 3.0¢1072  13.0 2.31x1073
7. Recalibrate with Helium 90 5.0 21 2.38x10°
60 5.0 33 1.52¢10"1
30 2.0 34.5 5.80x1072
8. Water-Glycol Type Il 30 1.0x1072 59.5 1,68 x 107
-2
9. Helium 30 2.0 40.8 4.93 x 10
10. Water-Glycol Type il 60 ].OMO“2 Leak Plugged
11. Helium, After Cleaning Leak 60 1.6 22.5 7 1x 1072
60 2.0 25.7 7.8 x 1072

- H4E
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TABLE 32
APOLLO TIE LEAK TEST DATA

Date: 5/14/58

Leak Number: ]
Description: Glass copillary, nominal 107 cc./sec helium leak.
Fluids: 62% Glycol-Water, Type Il Water-Glycol; Distilled Wate-
Pressure, Volume, Time, Flow Rate,
Test Description psig ‘cc sec ce/sec
1. Helium Calibrotion Before Run 30 1. 155 6.46x107°
60 1.00 48 2.08x10-2
90 2.00 52.2 3.91x1072
) ne -3 -5
2. é2% Glycol-Water 60 5.0x10 (RN 4.53«10 5
: 30 2.0xlO'§ 95 2.12x10
90 5.0x10” 66 7.57x102
3. Helium Calibration After 90 2.00 54 3.71x1072
62% ~Water-Glycol Run 60 1.00 53 1.89x1072
30 0.60 96.6 6.21x1073
4. Distilled Water 30 10.0x1073  111.3 9.05¢107>
90 10.0x1073 36.2 2.76x107%
60 10.0¢10-3 58 0 1.732107%
30 5 0x10-3 60.0 §.34x10-
-3 -5
5. Type i Water-Glycol 30 5.0x10 327.5 1.53x10
60 5.0<10-3  147.3 3.39x1073
90 Leak plugged, ending test.

149




USE FOR TYFEWRITION MATERIAL

CHLY

THE ;‘L”fﬂﬁ‘/i; [IRSTTREIe LTR
TABLE 39
APOLLO TIE LEAK TEST DATA
Date: 5/14/68, 5/22/68
Leak Number:  3-1
. . . . 1 —3 J . \
Description: Glass cepillary, nominal 10 7 ce/sec helium leak.
Fluid: 6275 Glycol/Water, filtered t rough 0,45 micron filter. Alzs Type H

Water/Glycol and Distilled Water filtered through 0.45 micron filler.

Test Description

P
1. Helium Colibration Befor: Run
2. 62% Glycol-Water,
3. Helium Calibration After Run
4, Helium Calibiation, One

 Weszk Later
5, Uistilled Water
6. Helium Calirction, Following
Water Run

r7. Tvpe H Water-Glycal

5

]

i

LY 4800 1132 REY | aLns

Pressure, Volume, Time, Flow Rate,
psig cc sec cc/sec
90 1.00 203 4.93x]0—§
59 0.60 258 2.32x107,
29 0.20 267 7.49x10°
30 2.ox10”§ 961 .2 08x107¢
60 1.0x10” 249 4.02¢10°%
90 1.0x1073 155 6 .46x107%
30 0.5x10-3 262 1.91x107¢
30 0.20 275 7. 27410°%
60 0.80 343 2.34x1573
90 1.00 225 4.44x1073
20 0.6 1055 870007
60 0.4 256 1.56x10-3
90 0.3 259 3.09x1073
90 2.04107 72 2.77x10~
&0 1.0x1073 49.2 2.034i07°
30 1.0<10"3  109.5 9,13xzo~§
90 2.0x1073  66.7 3.00x1077
60 1.9%10-3 48 .8 2.058,15-5
30 1.0x10-3 105.7 9. 46x10~%
0 0.4 553 7. 0310
60 0.6 233 2.72¢10-3
90 1.0 237 4.23x10°3
90 1.0v1070 133 5.31¢1078
60 1 ox1o™ 352 2.84.107°0
30 1.0.10-3 Leci: Piuagad

150
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TARLE 40
APOLLO TIE LEAK TEST DATA
Dates: 5,/23/68-5/24,/68
Leak Description: Class Capillary, nominal 107 cc, ‘sec Helium
Fluids: Tupe W wrater—alycol, 62% glveol-water, and distilied water, all
filtered through o 0.45 micron filter.
Comments: Heliom calibration carried out by water displacement in a 50 microlitar
Harilton syringe.
Pressure, Volume, Tirme. Flew Rote
Test Description psid cc x 107 seC.  ce/sec.
1. Helium Colibration, Before Run 30 20.0 101 1 97 x 10:2
60 30.0 45.5 6.59 x 10
90 30.0 23.0 1.31 x 1073
90 30.0 23.2 1.29 x 1077
60 20.0 31.7 6.32 x 1074
30 20.0 94.5 2.12 x 1074
2. Distilled Wotar Run- Water 90 2.0 236 8.50 x lo’i
Helium 90 30.0 31.4 9.56 x 10~
Water 60 1.0 Stopwatch Failed -4
Helium é0 30,0 8C.5 3.73x 10
Helium 90 30.0 32 7 9.17 x 10‘2
Weter 60 1.0 255 3.93x 10
Helium &0 30.0 61.0 4.92 x 1074
Helium 96 25.0 35.2 9.95 x 10™4
Water 30 1.0 420 2.38 x 1072
Helium 20 30.0 186 1.62x 107
Helium 60 30.0. 58 .5 5.14x 107
Halivm 90 30.0 30.4 9.88 x 1074
Water 90 2.0 298 6.71 x 1076
Helium 90 30,0 30 1.0 x 10-3
3. 2% Glycol-Water -4
W/G 90 1.0 613 1.63x10 .
He 90 36.0 318 9.45x 1077
W/G 60 1.0 920 1.07 = 10“3
He 90 30.0 29.8 1.01 x 1077
W/G 30 1.0 2018 4 96 x 107
He 30 0.0 167.3 1.79 » 1074
W/G 90 1.0 615 1.63 x1070
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TASLE 40 (Continrnd.

Pressure, Volum=, Time, Flow Rate,
Test Description _psig  ccx e sec. ce/sec -
: , _4
4. Helium Colibrtion, following 90 30.0 31 4 9.55 x 10
629 Glycol Mater 60 30.0 67 .1 4.34 x 10-4
30 30.0 207 1.45 x 157
5. Type Il Water/Glycol W /G 90 1.0 1137 8.81 x 10—7
He 90 32.0 6.5  8.76x107
He 60 30.¢C 74.4 4,03 x 107
wW/G 60 i.0 Leak Plugged
! L]
!
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TABLE 41

APOLLO TiE LEAK TEST DATA

Date: 4/4,'68
Leak Descriptior: Clas: Leal No. 4, nominal 1 cc/snc Helium Leak
P ’
Fluid: Distilled Water
Comments: Leak rate meazurement by weighing expelled water.
7 3 g €xp

Pressure, Wi. Collected Vol. Coilecied Time, Leak Rate

Test Description

1. Helivm Calibration
Before Test

2. Water Leak Rate

(Probably plugged)

3. Helium Celibration
After Test

psig Mg cc o s=c. _cc/'sec i
30 25.0 10.5  2.33

30 25.0 0.4 2.40

é0 60.0 13.8  4.35

60 80.0 je.5  4.32

90 80.0 12.5  6.40

90 100 15.9 6.28

90 100 16.0  6.25

90 830 0.830 15.9 5.53x]0:2
60 885 0.585 20.0  4.42¢10 %
30 242 0.242 5.4 4.16x10
60 104 0.104 1.7 8.90+10 5
90 1103 1.102 20.2  5.46x10_,
60 1239 1.239 39.1 3.16x10_,
30 610 0.610 30.0 2.03x10 7
30 457 0.457 23.1  1.98<10
60 940 0.940 30.0  3.13x10
60 80.0 23.8 3.36

60 80.0 24.0 3.33

60 40.0 13.1  2.05

60 100 32.c 313

90 100 21.3  4.69

90 100 21.1  4.73

30 90.0 49.5 1.82

30 100 54.7 1.83
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Date:
Leak Number:
Description:

Fluid:

TABLE 42
APOLLO TIE LEAK TL.T DATA

4/9/68

12

Glass Capillary, nominal 10—3 ccsce helium leak.

Distillad Water

Pressure,

Test Description psig

1. Helium Calibration Before Run 90

2. Distitled Waier

60
30

30
60
90

Volume, Time,
_..__CC sec
2.00 159
2.00 303
}.00 425
5.0x1073 228
4.7x1073 136
7.1541073

Leak Plugged During Test

Flow Rate,
cc/sec

1.26x1072
6.62x1073
2.36x1073

2.1941072
3.46%1072

U3 4807 1454 Fv ., a_ry

n
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NUMARER S DZ-114258-1

P ﬁ-ﬂ.’l?&f’?flﬁ Irmi Ny ";IEVKV ,L—:rz
TASLE 2
APOLLO TIE LEAK TEST DATA
Date: 4/10/68
Leok Number: 16
Description: Glass Capillary, nominal 10-3 ccsac helium leob .
Fluid: Distilled Water
Pressure, Volume, Timz, Flow Rate,
Test Description _e_gi_g—___ _cc sec cc./sec
1. Helium Calibration Before Test 30 1.00 573 ].75)(10—:;
60 - 1.00 © 201 4.97x10°
90 2.00 210 9 .54x1073
2. Distilled Water 90 2.0x10-3 43.8 4.56x10"°
90 2.0<10-3 43.7 4.55x107
60 Leak Plugged During Run
3 Cleaned out leak thoroughly.
4. Distilled Water 60 2 0x 1073 114 1.74x10™>
5. Helium Calibration After 40 0.80 250 3.2x10'3
Cleaning 90 1.00 153 6.60x1073
30 0.40 352 1.14x10-3
6. Distilled Woter 30 2.0x10"3 218 9.17x107%
90 Leck Plugged Completaly

fo e cnrama s
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TABLE 44
'g APCLLO TIE LESK TEST NMATA
Daute: 3/28/63
Loak Description: Gloss Leak Mo, &, nominal 1 ec sec of Helium.
Fluid: Tvoe 1! Wete«'Clycol, zontaing inhibiror.
Comments: Liquid leak rate meosured by colizcting and weighing expelled solution.
Weight Volumre
Pressure  Collected Collected  Time, Leak Rate,
Test Descriotion _psig o Mg e sec celsec
1. Helium Calibration Befor2 30 30.0 3.0 0.814
” Test 60 50.0 3.0 1.39
z 50 40.0 2.2 2.20
3 90 80.0 35.7 2.24
) 3 2. Type Il Water/Glycal Leak 70 625 0.579 120 4.82)(]0:; :
60 542 £.503 176 2.86<10
s - 30 309 0.238 295 9.7x107%
5 30 337 0.312 465 6.71x107
o 30 1330 1.232 811 1.521077
5 60 379 0.351 124 2.86x103 |
> 90 277 0.258 67.3 3.84x10”
Z %0 1249 1.158 242 4.73x 107
30 507 0.470 309 1.52¢107
60 985  0.912 301 3.03x1073
3. Helium Calibration After 60 70.0 5.2 1.24
Test 20 60.0 3.3 1.86
30 60.0 104.5 0.574

U154 .
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TABLE 15
APOLLO TIE LEAK TEST DATA
Dates: 3/22/68-3/26/63
-1 .
Leck Description:  Gluss Leak No. 1, Nominal 10 cc’sec of Heliu
Fluid: Tvoe i Wc:'r-:r/'Glycol, contairs inhivitor.

Comments: Fluid leck rate detzrmined by collecting expelled droplets in flasks
and wzighing.

Pressure, Volume, Time, Leak Rate,
Test Description psig ¢ sec cc/sec
1. Helium Calibration Before 30 10.0 160 6.25 % ]O:?
Test 50 10.0 77.2 1.29 % 10_1
70 10.0 44.5  2.24x 107,
90 10.0 29.9 3.34 x ]0_2
30 10.0 168.3  5.94x 107
50 10.0 75.0 1.32 % IO_]
70 20.0 3.9 2.25 x ]0_2
15 5.0 207 .3 2.40 < 10
Flow Weight Volume
Pressure, Time,  Collected Collected Leak Rate,
__psig sec. Mgm cc cc/’se(i__
2. Type It WeterGlycol 30 2170 205 0.129  8.71x107>
Leak 60 2634 247 0.223  £.67x1072
90 173.2 57 0.0525  3.04x10~4
90 355 14 0.106  2.97x107%
60 - 703 146 0.134  1.91x107*
60 447 gg - 0.081 1.84x107

Leck broken before helium laak rate could be rechecked.

R 7 -
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“A '*LE A5
APOLLO TIE LEAK TEST DATA

Dates: 4,3/66-4,/8/68

-3 ,
Leak Description:  Class Leck No. 11, nominal 10 7 cc/sec helium teab.

Fluid: Tyoe 1l Water-Glvcol, innibited.
Comments: Liquid leak rate measurad by wasting *ip of leak with distitled water

before and aofter time period, coliccring final washing: in a volumstric
flast, and anclyzing chemically for glycol content.

Glycol Volume
Pressure, Collected  Collacted  Time, Leak Rate,
Test Description psig Mg cc sec cc/sec
1. Helium Calibration 90 0.40 25.6 1.56 « 1072
Before Run  4/3/¢8 90 1.00 60.8  1.64x 10
60 2.0 238 8.40 x 10
30 1.0 353 2.84 x 10
-4 -7
2. Type Il Water-Glycol 30 0.17 2.5<10_, 600 4.1x 1075
Leok Rate  4/3/68 60 0.23 3.4<107, 600 5.7x 105
90 0.2 2.7<107° 600 6.3x10
Cleared out feak. 7
4/3/68 90 <0.05 69 <1 x 107
60 «0.05 600 1x 10,
30 20.05 600 L1x 107
Cleaned out leak again. .
4/3/68 ¢0 5.35 7.4x10-3 600 1,23+ 10
60 5.67 7.8.10°% 500 1.30x 10,
30 2.40 3.3x1075 600 5.50 x 107
4/4/63 90 0.670 9.2 £107* 600 1.54% 107
40 0.065  9.0<1C™°  &00 1.5 107
30 <0.05 600 <1 x 107
4/8/68 Cle~r=d lagk with ritric acid flush.
3. Helium Calibration 90 2.0 1045 1.91 x 10'3
After Run  4/8/68 60 2.0 1350 1.02 107,
: 30 0.6 16756 353 %10
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: TABLE &7
APOLLO Tit LEAK TEST NATA

Dote: ¢/137/68

Leak Description: Glass Leak, nomina!l 10 cc/sec Helium
p ’

Fluid: 35-percent Glycol-Water
Pressure, Volume, Time, Leok Rata
Test Description psig cc sec. cc’sec
© 1. Helium C=libration 30 1.0 23.9 419 % 1072
Before Run 60 8.0 43.8 1.64 x 107!
90 10.0 30.9 3.24 x 107!
’ -3 -3
2. Water/Glycol 90 5.0x 10 3 4.4 1.13 x 10_3
90 10.0 x 10_3 8.7 115 % 10,
60 10.0x 1073 12,1 §.27 x 10_,
60 10.0x 107, 12,1 2.27 x 10
30 10.0 x 10_,3 23.¢ (Fluid left ontube wail)
30 10.0x 1075 24.8 4.04 x 104
30 10.0 x 10 24.6 4.06 x 107
3. Helium Calibration 30 4.0 51.0 7.85 x 1o:f
After Run 60 4.0 18.9 2.12x 107,
90 10.0 28. 1 3.56 x 10_,
60 10.0 48.6 2.06 x 10_,,
30 10.0 131.0 7.64 % 10
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TASLE 2

APOLLO TIE LEAK TEST DATA

Date: 6711,62, 6/13/68
Leak Descr'aF‘).‘ionz Glass Leak, nominal 10—2 ce sec Helium Leak
Fluid: 35-percent Glycol-Water
Pressura, Volume, Time,
Test Description _psig _ce s
1. Helium Colibration 30 1.0 147.2
Before Run 60 1.0 51.8
90 1.0 26.8
' -3
2. Water/Glycol Test 90 4.0 x 20_3 28.5
60 2.0 x ’10‘3 22.8
30 2.0 % 10_3 49.7
90 4.0x 10 60.4
3. Helium Calibration Leok Completely Plugged
After Test
4. Helium Calibration Two 90 1.0 259.0

Days Later

Leak Reote

ccC /SFJC

6.79 < 10
1.93 % 10
3.73x 107

1.40x 10~
8.78 x 107
4.03 x 107
Partially plug

3.86x 10

L 160

14

3
2
2

4
5

-
~

ged?

3
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TABLE 9 ) ]
APOLLO TIE LEAK TFST DATA
Date: 6/11/48
Léck Description:  Glass Leak, nominal 10—3 cc/sec Helium
Fluid: 35-percent Clycol-Water,
Pressure, Volure, Time, Leak Rate,
TesfPescr?pﬂon psig e sec cc/sec
1. Helium Calibration Prior 90 1.0. 117.6 8.50 x ]O:g
to Run 60 1.0 274, 3.65 x l(,)_3
30 0.40 324, 1.23 x 10
, ‘ -3 -6
2. Water/Glycol 30 1.0 x 10__, 123.8 8.1x 10 _
60 2.0 x ]O_é 125.3 1.59 x ‘nQ_s
90 2.0 x 10_3 75.5 2.65 x ]0—6
30 1.0x 19 121 2 8.25x 10
3. Helium Caiibration 30 0.40 334. 1.20 x mjg
After Run 60 C.80 209. 3.83 x 10_3
90 0.80 105.0 7.61 x 10

w51

[T A e AR
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TABLE 50
APOLLO TIE LEAK TEST DATA

SENSITIVITY DETERMINATION FOR BEMDIX MASS SPECTROMETER

Date: 4/10/68

-4
1. Setting a Standard Leak in the 10 " cc/sec Helium Range

a. Throttled CEC Leak Detector toread 380 divisions while testing a calibration
standurd 1.12 < 1070 ofm-cc/sec helium leal..

b. Torqued a smashed tubing leak until it gave o racding of 35,000 divisions at
250 psig  He under same instrument parameters.

n _ -4
c¢. Smashed tubing leak rate = 3—21—0—398%——?—83 x 1.12 % 10—6 =1.14x 10

atm-cc/sec He at 250 psio.

| 2. Bendix Mass Spectrometer Response for He, H2, NZ’ 02

Valved the above smashed tubing leak into the Bendgx, with all operating parameters
and throttling velves adjusted as in the 10-% and 107° ce/sec leak rate measuremants for
the fixed gases.

Indicuted
Upstreara Flight Tube . Response at 265 psio
Pressure, Pressire, Instrument Reading (265 Reading-
Gas Psio - Torr 10-9 Divisions on 10711 Scale Backgraund)
Helium 0 2.0 14
265 2.5 1100 1086
Hydrogen 0 2.0 285
265 2.8 2000 1715
Oxygen 0 2.2 170
265 2.5 6300 6130
Nitrogen 0 2.1 1000
265 3.0 8700 7700
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TABLE 50 (Contirued)

[

2. Calculation of Bendix Saensitivity Retios for H2, “ s and N2 to He.

Instrument
(n nstrument Resporse Sensitivity

Viscosity, Leak Rate at 265 psia Atrw-:c,‘/s?c;'diw

Cas cps * Atm-ce/szc  Div. on 107! Scole on 107 Tscale
. - 4 ~4 -7

He 0.0197 1.14 x 10 1086 1.05x 10

-4 _
H, 0.0089 2.52 410 1715 1.47 % 1077
o, 0.0207 108 x 1074 6130 1.77 x 1078
N, 2.0178 1.26 x 1074 7700 | 6dx 1078

e

(1)
e QG

using OHe =1.14 x 70-4 o: measured above.
(2)By definition

*Referznce: D. J. Santeler, ef al, "Vacuum Techrology and Spoce
Simulation”, NASA SP-105 (1966}, -

Sensitivity
Factor,
Helium fo

Gos

1002
1.40
0.169

0.156

Colculaied from QG = QH ——_ , assuraing Poiscuille flow, and
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Dates:

Leak Description:

Fluids:

Comments:

TABLE 51

APOLLO TIE LEAK TEST

3/26,68 - 3,/28/68
-2

DATA

Scribed plug, nominal 10 7 cc.'see halium leak,

Hydrogen, Helium, Nitrogan, C.yzen (all in gaseous state).

. . . -~ 1
Volumes were measured by waoter disslacement in ¢ 50ul turette

~Q i
at vaom temperature (70°F) and arbiont pressure. The data presented

is not corrected for water vapor,

to standard femperature and pressurce.
P P

r.or have the volumes been convertad

Upstrean: Prossure, Votume Time, Leak Raote,
Test Description PSis cc sec. cc/sec
1. Helium Leuk Rate 20 1.0 222 451 % 1073
50 1.0 63.6 1.57 x 1072
109.5 5.0 96 5.21 x 10~2
160 10.0 111 9.0 x 1072
243 10.0 60.6  1.65x 107!
895 20.0 25.5  7.85x 1071
895 20.0 24.6  8.13x 107!
2. Hydrogen Leak Rate 20 1.0 1092 9.16x 1073
20 0.5 52.8  9.48x% 10
20 0.5 55.8 8.9 x 1073
50 2.0 60.6  3.30x 1072
50 2.0 60.0  3.33x 10-2
120 10.0 82.2  1.22x 1072
122 10.0 §2.2  1.22x 1072
160 10.0 4.9 1.833x 107
160 10.0 55.2 1.81x 107!
160 10.0 55.5 1.77 x 10-1
250 10.0 30.6  3.27 x 107!

|
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TABLE 51 ¢ Co:n‘fr‘ucg‘)

APOLLO TiE LEAK TEST DATA

Dates: 3/26/68 - 3/28/(58 {Contirued)
Upstream Pressure, Volure, Time, Leok Rate,
Test Dascription psig cc _ sec. ce,'sec
3. Oxygen Leak Rute 500 ‘ 10.0 43.4 2.C7 x 10::
200 16.0 24.0 4.17 x iO_i
895 15.0 34.8 4.3 x IO_]
895 20.0 445 .5 4.30 x 'IO__l
505 10.0 450 2 22 x ]O-]
255 10.0 93.4 1.02 x 10_2
159 5.0 85.8 5.83 x 10_2
159 5.0 86.4 5.79 x 10_‘2
110 2.0 54.9 3.64 x 10_2
110 2.0 54.6 3.6 x 10 |
Z 20 0.3 84.9  3.53x 1073
“) 20 0.3 85.8 3.50 x 10
: 4. Nitrogen Leak Rate 160 10.0 195 5.13 x 10:3
= 160 10.0 196.2 5.09 x 10_2
=z 1o 5.0 150.6 3.32x 16_5
¥ 3 50 1.0 78.6 1.27 % 16_3
- 19.4 10 261.0 3.83 x IO.—2
a 160 100 195.6 5.1 x 10
5 250 10.0 120.6 8.3 x 1072
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Date:

Leak Description:

Fluids:

Commants:

Pressure,
Cas

_psia_

He 0
35.5

65

115

175

25

265

515

915

H J
265
2
65
115
175

N J
25
65

115

175

265

TABLE 22

APOLLO TiE LEAK TEST

4/8/58
Sraashed tubing leak, nominal 10

N

Hydrogen, Helium, Nitrogen, Oux

NURABER
LiR

InSanyl
LA 4

= TSN
D2-114252-1

A
A .
cc'sac helium leak.

A standard helivm leak of 5.7 x 10

35 divisions ubove background on
under tha conditions of this test.

Instrument
Reading Apparent
Dw. on Look Ratel V)
“ 3-,‘; atm--c¢.'sec He:
0 -5
320 5.22x 10 4
700 1.14 x 10 -4
1,400 2.23 x 10 )
3,200 5.22 x 105
220 3.59 % 10 3
6,200 1.0V x 10 -3
18,000 2.93 x 10 -3
53,000 3.64 x 190
0 PG
14,.000 281 x 10 ¢
450 7.38 %107,
1,600 2.6 x 10,
4,100 6.68 x m_;’
8,500 1.36 < 10
600 -
1,500 147 x 107,
5,000 7.17x 10,
11,000 169 x 10,
23,000 3.65 x 10_3
54,000 §.70 x 10

D rA\ T f“\

voen (all in gasecus state).

s .
atm-cc/sec gave a reading of

sha 10~ scala

of the

Sendix

The sersitivity was thus 1,63
10-7 atm~cc/sec of helium for 1 division on this dave.

!

U

Sensitivity Factor
to Tast Gas

1,00

1.40

0.156

MDY == W npy —

—_— 0 WD W

‘-‘U"\)‘—"\)

.22 x 10

.01 % 10
93 x 10

64«

30 x 10
A2 x 10
b4 x 10
70 x 10
36 x 10

Actual

Leck Ratel?)
atr~

CC/SCC

14 10

-5
-4
28x]02

22 x 10

59 x 10
3
1073

- -3

65x 107,
025 107

&

A
b5 x 10

35 x 1074

-3

.94 % 10

-3
4

4
-3

T a3 et
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Pressure,
Cus Dsi

O 0
2 265
515

915

175

115

65

25

(1

Apporent l.aah Raie =

Instrument
Reading
Giv. on

10-H Scale

75
40,000
100,000
260,000
20, 000
10, 000
3,900
1,000

etm=-ccy sac.

(2)Acfuuf Leak Rute - Apparent Leak Rais

TABLE 52 (Continned)

Apparent

Leak Ro?e( )

atm~ ¢¢ sec

Sensitivity Factor
Helivm to Tas: Gas

Actuol

Leak Rate(2)
atm—<cc. 'sec

. -3
6.52x 10 7

1.63 x 107
4.24 %10
3.26 « 10_3
1.63 x 107,
6.23 x 10

1.50 x 1074

(Instrument Reading - Background Reading) x 1.63 x 1077

(to convert from He to Gas).

0.149
2.75 % 10"
7.15 % 10
5.50x 10
2.75x 10
1.05x 107
2.54 % 10"

Instrurnent Sensitivity Foctor

1.10 x 1o'§

-3
-4
-4

157
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Date:
Leak Descriptior:
Fluids:

Comments:

Pressure,

j)sb

He 0
25

65

115

175

265

515

915

Gas

175
115

65
265

TABLE 53
APOLLO Tit LEAK TEST DATA

4/9,68 - 410,68

Smashed tubing leak, norinal 10 7 cc/s2c of heliun,

Hydrogen, Helium, Nitragen, Oxygen (ull in gaseous stote).

A standard feak of 1,12 < 10 6 atm-cc/sec of haliur gave a reading of
19 divisions abeve background on the 161 scaie of the Bendix,

under these test conditions, for a sensitivity of 5.89 x 10-8 atni~cc/sec
of helium for 1 division on the 10-1! scale. During the nitrogen run,
the instrument background varied and was remeosured for ecch point,

Instrurnent

Reading | Apparert Sensitivizy Actual
Div. on !0_'] Leak Ra.‘e“) Foc'ror”«’ Leak Reve! 2)
Scale atm—czc/sec He to Test Gos Atm— zc/coc
10 - 1.00 -
20 5.9 x 10"?6 5.9 x !o'?6
38 1.65 % 10 1.65 x 10
60 2.95 4 107 2.95» 107
81 4.19 % 10 4.19x 10
130 7.08 x 1078 7.08x 107
260 1.48x 1077 1.48 x 1072
550 3.19 x 1075 3.19 x 1072
680 - 4 1.40 - &
800 7.01x107, 9.95« 10,
760 4.72x 10, 6.62x 107,
710 1.77 x 107, 2.48 x 10
850 1.00x 10 1 40x 10

-—
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TABLE 53 (Continuead)

Instrument
Reading ] Apparent Sensitivity Aciual
- 1y
Pressure, Div. on 10 ~ Leak RatelD Foctorl I Leak Ratel2)
Gos psic Scale atm—cc.'sec He to Test Gas  otm=—cc ‘sec
N, 0 920 - 0.156 -
175 1200 1 650r 1,86  (avg. = 1.77 x 2.77 < 10 7
x 1072 10~5)
0 890 %
115 1000 6.49 x 19 ,
0 890 5 fovg.=9.45x 1.48 x 107
115 1100 1.24 % 10 1076)
0 900 9 _7
65 980 4.72x 10 7.37 x 10
0 905 % -
25 935 1.77 x 10 2 77 x 10
0 920 ;
265 1350 2.54x 107" (avg. = 2.57 x
0 910 i 10-3) %
265 1350 2.60 x 10 4.01 x 10
e} 0 210 - 0.169
2 175 500 1.71x 1075 288 x 1070
115 370 9.44 x 10, 1.59 x 10~
65 310 5.9 x 10 °6 9.94 x 10
25 245 2.06 x 107 3.47 x 10~/
25 670 2.71 x 1075 4.57 x 107
515 1300 6.43 x 1672 1.08 x 1072
915 3000 1.65 x 10-4 2.78 x 1072

(1
: )Appcrenf Leck Rate = (Instrument Reading - Background Reading) x

5 89 x 10-8 atm—cc sec

(2)

(to convert from He to test gas).

Actual Leck Rate = Apparent Leak Rate x Insirument Sensitivity Facter
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APPENDIX

LABCRATORY DIRECTIONS FOR CHEMICAL AMALYSIS

P NITROGEN DIOXIDE

A.

Introduction

NO, is determired colorimetrically by the sulfurilicacid diczotization mehod
of Saltzman.

Reference

B. E. Saltzman, Anal. Chem. gu_ 1949 (1954).
'E_g_uipmem

Klett-Summerson Model $00.3 photoclectric colorimeter (or equivalent) equipped
with a 54 green filter and 1,/2" test jube.

N-1-Ncphthylethylenediamine dihydrochloride {Eastman #4835): 1,000 gra/!

Absorbino Soluticn: Dissalve 10.0 g culfeniiic acid (Eastrman #238) with
heating in 500 m! water, add 1 liter weter, odd 280 ml glacicl acetic acid,
add 40 m! N-1-Nophthylethylenediamine dihydrochloride solution and dilute to
2 liters.

Standgrij_g

[t has been erpirically determined that 0.72 g NO'Z, cdded a3 NaNO2, aives
a cclor development equivalent to 1 gm of gasecus NO 5.

(hy 1.50gm NQNOZ"l

(2) 10wl (1700 mi. This gives 3139 1igm NOZ/’/’*L

Standardization

Standardization is accomplished by diluting ! quantities of Standard (2) with
absarbing sofutior. The resultant color development is read 15-20 minutes loter
against an absorking solution blonk. '
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The cclibration curve is appended. The mo dimum sensitivi
of N02 in 20 ml of absarbing solution.

Procadure

Cellect sample in 20 mi absorbing solution using small Fitied glass bubilors.
Bubbler efficiency falls off badly if the color becemes tor davk. It is wise to
run series bubblers until seme feel for the solution saturation color is ob*ained.
At moderate concentrations the bubblers are 99+75 cfficient.

Dilute if necessary with absorbing solution

Read color development 15-20 minuies after dilution with the Klett (#54 filter,
1/2" diameter test tube cell) agzinst an absorking solution blank.

-6
(4.9 x 10 ") yigm NOp measured)(dilution factor)

ml NO., gas/sec = ol X2 1 00 WGM N2 medsuiecig o1
2 89% {minctes sampling fime)




Klett Reading (¥54 Filter = 1/2" Tube)

D2-114258-1

NITROGEN DIOXIDE ANALYSIS CALIBRATION CURVE

——

o

o
|

100 =

Micrograms NO_, in 20 m! Scrubber

2

Sheet 172
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1. MONOMETHYLHYDRAZINE

A

Introduction

MMH is determined coloriimetrically by its reaction with p-dimethylarrine-
benzaldchyde in an acid medium. The procedure is on cdantation of the Feigl
spot test for hydrazine, but in this instance the reaction mechanism is not as

well known ond the procedure is several rimas loss sansiiive than for hydrazine.
p Y

Reference

F. Feigl, "Spot Tasts in Inorganic Analyses, Sth Ed. 7, Elsevier Publishing Co.,

Amsterdam (1938).

Klett-Summerson Model 900.3 photoelactric colorimeier {or equivalent)
equipped with a 44 blue filter and 172" test tube.

Reazent

Add 2 ml concentrated hvdrochloric acid to a solution of 0.40 gr p-dimethyl -
aminobenzaldehyde (Easrman #95) dizsolved in 20 mi eihy! alcchoi (U.S.P.).

Sfoforcism
(1) 1 ol MMH (density 0.276" diluted to 100 ml with distilled water.
(2) 1 ml (1) diluted to 100 ml. This gives 7.6 PR MMH /el .

Standardization

To approximately 6 ml of water add Standurd {2) and 2 m! Reagent and make
up to 10 ml. Read et 15 minufes agzinst a Elark of 2 ml Reagent pius 8 ml

water.

The calibration curve is appended  The maximum sensitivity is 5 micrograms

of MMH in 20 m of ubsorbing solution.

Przcedure

Collect sample in scrubber containing 20 ml water, dilute as necessary, add

2 ml Reagent, make up to 10 ml with water, and read after 15 minutes against

e 173 -
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a blank of 2 m! Resgent plus 8 ml wuter  ing Klett [744 filter and 172" test
tube). Obtoin ricrograms MMH from Kiest raading usirg standard curve.

H. Calculation

For a 20 ml samgle:

(3.8« 10—4‘) ( p4 g MMH

measurad)

ml MMH ec = e ey e, Al
o l2 vsed)

Tmin. ;E] . T”\J,V/JL—JFL
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- | MONOMETHYLHYDRAZINE ANALYSIS CALIBRATION CURVE

Klett Reading (¥44 Filter - 1/2" Tube)

50

} i'? S E_I;;;,L:f' s } N LI
5 ] 15 20

Micrograms MMH
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. HYDRAZINE
A. introduction

Hydrazine is determined colosimetrically b its reaction with p-dimethylamina-
benzaldeliyde in azid mediun to form a deeply colored quinoidal cation. The
procedure is an adaptation of the Feigl spot test,

Rafarance

F. Feigl, "Spot Tests in lnorgenic Analys s, 5th Ed.", Elsevier Publishing Co.,

Amsterdem (1958).

Klett-Summerson Model 9003 photoclectric calerianter (or equivalent) equipped
with a #44 blua filrer and 1,27 tost tube.

Reagent

Add 10 ml corcerntraied hydrochloric acid to a solution of 2.0 gm p--dimethyl-
tRate

amirobenzaldelyd: (Fostaen *93; dissolved in 170 = cihyl aleohal (U.S.PL).
Standurds

(Y ImlN oMy (density 1.00) diluted to 100 =l with water.

(2) ]OO/A F(1) diluted to 100 mt. This cives IO//. am N2H4/ml .

Standardizetion

To appro<imately 6 ml of water add Standard (2) and 2 ral Reagent and ricke
up to 10 ml. Read @t 15 minutes agoinst a blank of 2 ml Reagent plus 8 ml
water.

A calibration curve is appended. The mz, imaur sensitivity is 1.0 microarams
N_H
24

in 20 ml of absorbing solution.

Procedure

Collect sample in scrubber contairing 20 rml water, dilute os necessary  add

2 ml Reagent, make up to 10 ml with water, and read aftar 15 minutes againsi a
blank of 2 ml Reagent plus 8 ml water usine Klett colorimater (¥44 filter and
1/2" test tube). Obtain microgroms NH, from Klett reading using calibration

curve.
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H. - Calculation

For a 20 mi sarple:

’ (3.3 x 10_4)(/&1’ gm NoHy measured)
ml N H4*sec = CELT AT T
2 {min. spl. tire )i 4 P suraple used)

To caleulate Aerozine-50 lzakage from hydrazine data multiply  ml N2H4/sec

by 2.17. :
[. Interferences

P P —

Unsymmetrical dirnethylhydrazine does not interfere when present in con-
centrations of up to 500 times that of hydrazine. MMH, if prosent, would

be measured.




Klett Reading (F44 Filter - 1/2" Tube)

HYDRAZINE ANALYSIS CALIBRATION CURVE

3 4
Micrograms N 2H4

Sheat 178
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ETHYLENE GLYCOL

A.

E.

ln!’roduc‘ ion

Ethylene glycol in agueous sofutions is determined colorimeiiically by periodate
oxidation to formaldehyde, reduction of excess oxidant viil arsenous acid, and
reaction of the formaldebyvde with 4, S-dihydrexy-2,7-naphitolenedisulionic

acid, disodium salt {chromotropic acid) in sulfuric acid sofutien to form a colered

complex.

Reference

Belcher, "Submicro Methods of Organic Chemistry”, Elsevier Publishing Co.,
Amsterdam, 1966.

Equipment
Beckman Instrument Company DK=2 Uliraviolet and Visible Spectrophotometer.
pany [ p

Reagents

I. Chromotropic Acid

Dissolve 1.0 gm of chromatropic acid (Eastran #P230) in 100 m! of distitled
water, and filter. Mix 300 ml of concentraied sulfuric acid and 150 ml of
distitled water cnd add to above solution, and then dilute to 500 ml with

concen.rmed sulfuric ccid. Store in brown bottle for maximum of two weshs.

2. Sodium Periadate, 0.058. Dilute 5.25 gm Reagent Grade NalOy to 1 1t

with distilled water.

(.)

3. Arsenous Acid Solution; 0.03iN. Dissolve 0.618 gm C.P. N0A502 in 10 ml
IN MaOH, make faintly acid with HZSO4' and dilute to 250 mi.

Sfondcz'c}_s_

1. Dilute 100 mg of C.P. ethylene glycol to 1000 ml in a volumetric flask.
This gives 100 /a_Lgm/ml .

2. Dilute solution (1) to give concentrations of 1, 2, 5, 10 /.gm/ml.
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Standardization

Mix 5.0 ml of stardard with 0.25 ml of sodiur periodate sclution and allow to
stand 15 minutes. Add 2.0 ml of arsenous acid solution and allow o stand

15 minutes. Add 5.0 ml each of chiromotropiz ecid solution and concenirated
sulfuric acid, and heat 1 hour at 98°C. Read the absarbance at 570 m/n ogainst

o reagent blank., ard plot a culibration curve.

Procedure

Wash the tip of the experimental leak with a jet of distilled water, collect the

waoshings in a 100 ml volumetric flask, and dil-te to the mark. Analyze 5.0 ml
!

of the solution as described unde standardization, diluting if necessary. Read
the glycol concentration from the calibration curve.

Calculation
Glveo! Look Raie = 100 - {glvcol concentraticn measured) -(difution factor)
yeol Leak Raje = — - 2L 20 T — -

i toe oo 'v.«?.‘v ‘.( I
( “gr‘q//ﬂ’\inufe) (lﬂ(r.Uu_, ST ng ll'n__)
|

/
7




Absorbance at 570 Millimicrons

ETHYLENE GLYCOL ANALYSIS CALIBRATION CURVE

Microgram Glycol/Milliliter Solution

Sheet 181
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